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A b s t r a c t .
1. P h e n y lb o ro n a te s  o f  a c y c l i c  d i o l s ,  t r i a l s  and p o ly h y d r ic  
a l c o h o l s  have  been  s y n t h e s i s e d .
2. Mass s p e c t r o m e t r y  o f  p h e n y lb o r o n a te s  o f  a c y c l i c  d i o l s  has  
r e v e a l e d  t h a t  th e  f o l l o w i n g  f o u r  p r o c e s s e s  o c c u r  a s  a  r e s u l t  o f  
i o n i s a t i o n  by e l e c t r o n  im pact
(a )  E l i m i n a t i o n  o f  e x o c y c l i c  g roups  by c le a v a g e  o f  C-C bonds .
(b )  S k e l e t a l  r e a r ra n g e m e n t  g i v i n g  r i s e  t o  h i g h ly  u n s a t u r a t e d  
h y d ro c a rb o n  io n s  c o n t a i n i n g  7-10  c a rb o n  a tom s.
( c )  E l i m i n a t i o n  o f  oxo m o le c u le s ,
(d )  A doub le  e l i m i n a t i o n  e x c lu s i v e  t o  s ix-m em bered  p h e n y lb o ro n a te  
r i n g s ,  w hich p r o v id e s  a  means o f  d e t e c t i n g  t h i s  s t r u c t u r a l  
u n i t  i n  compounds o f  h i t h e r t o  unknown s t r u c t u r e .
3 .  The mass s p e c t r a  o f  p h e n y lb o r o n a te s  o f  t r i o l s ,  t e t r i t o l s ,  p e n t i t o l s  
and h e x i t o l s  were i n t e r p r e t e d  on th e  g rounds o f  th e  p r o c e s s e s  
o u t l i n e d  above , and s t r u c t u r e s  a s s ig n e d  a c c o r d in g l y .
4 .  The h i t h e r t o  u n s u c c e s s f u l  m é th y la t i o n  o f  h y d ro x y l  g ro u p s  i n  p h e n y l­
b o r o n a t e s  h a s  been  a c h ie v e d  u s i n g  d iazom ethane  and bo ron  t r i f l u o r i d e  
e t h e r a t e  a s  r e a g e n t s .
5 .  M é th y la t io n  o f  p h e n y lb o ro n a te s  fo l lo w e d  by h y d r o l y s i s  o f  th e  e s t e r ,  
a c é t y l a t i o n  and a n a l y s i s  o f  t h e  p ro d u c t  by g a s - l i q u i d  ch rom atography  
combined w i th  mass s p e c t r o m e t r y  r e v e a l e d  t h a t  t h e  p h e n y lb o ro n a te s
o f  t r i o l s  a r e ,  i n  f a c t ,  m ix tu re s  o f  d i f f e r e n t  b o r o n a te  r i n g  
m o d i f i c a t i o n s .  The c o m p o s i t io n s  o f  such  m ix tu re s  have been 
compared and r a t i o n a l i s e d  in  te rm s  o f  t h e  s t r u c t u r e s .
I l l
To my p a r e n t s  i n  g r a t e f u l  a p p r e c i a t i o n  f o r  so much.
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I  I n t r o d u c t i o n
I n  t h i s  t h e s i s ,  " p h e n y lb o ro n a te "  w i l l  be u s e d  to  d e n o te  a  
c y c l i c  e s t e r  o f  p h e n y lb o ro n ic  a c i d  and a  d i o l  ( F ig .  I - l ) .  A 
compound w hich c o n t a i n s  more t h a n  one such  r i n g  system  w i l l  be 
te rm ed  a  " b i s - p h e n y l b o r o n a t e " , " t r i s - p h e n y l b o r o n a t e " , e t c .
R R
OH
(CH
OH
1
+ PhB(OH) ^  (CH
1
,B-Ph + GHgO
F i g .  I - l
" P h e n y lb o ro n ic  a c id "  i s  t h e  name g i  ren i n  t h e  R ing  Index  o f
1
t h e  Am erican C hem ica l  S o c i e t y  t o  t h e  compound o f  fo rm u la  
Cg H^ B (o h ) 2 f i r s t  p r e p a r e d  i n  l880  by M ic h a e l i s  and B ecke r^ .
I t  i s  a l s o  known a s  b e n z e n e b o ro n ic  a c i d  and p h e n y lb o r ic  a c i d .  
P h e n y lb o ro n ic  a c i d ,  i t s  s u b s t i t u t e d ,  a n a lo g u e s  and i t s  e s t e r s  have 
been  w id e ly  u s e d  f o r  b o th  com m erc ia l  and a n a l y t i c a l  p u r p o s e s .
I n  t h e  p h a r m a c e u t i c a l  i n d u s t r y ,  t h e  a c i d ’ s a n t i - c o n v u ls a n 'u  
p r o p e r t i e s  have  been  u t i l i s e d  t o  p roduce  an  a n t i - e p i l e p t i c  a g e n t  
i t  i s  a l s o  known t o  enhance  th e  e f f e c t  o f  known h y p n o t i c s ^ .  The 
p r o p e r t y  o f  n e u t r o n  c a p tu r e  shown by s u b s t i t u t e d  b o ro n ic  a c id s  
shows g r e a t  p rom ise  i n  th e  t r e a tm e n t  o f  b r a i n  tum ours^ ;  s u b s t i t u t e d  
b o ro n ic  a c id s  have  a l s o  been  u s e d  a s  s e l e c t i v e  w e e d - k i l l e r s ^  and
7
a s  c u r i n g  a g e n ts  f o r  epoxy r e s i n s  . O rgano-boron  compounds have 
fo u n d  u s e  i n  f u e l  t e c h n o lo g y  and  p h e n y lb o ro n ic  a c i d  i s  no e x c e p t io n .  
The a c i d  h a s  been  u s e d  a s  an a n t i - k n o c k  a d d i t i v e  t o  p e t r o l ^  and 
found  t o  s t a b i l i s e  k e r o s i n e  j e t  fue l^ '^*^  w h i le  e a s i l y  h y d r o ly s a b l e
a c y c l i c  e s t e r s  p r e v e n t  i c i n g  o f  such  f u e l s ^ ^ ,  P h e n y lb o ro n a te
12e s t e r s  have been  u s e d  a s  p h o to d e v e lo p e r s  ,
The f o rm a t io n  o f  c y c l i c  b o r o n a t e s  i s  common i n  t h e  f i e l d  o f
n a t u r a l  p r o d u c t s  when d e r i v a t i v e s  o f  i n c r e a s e d  th e rm a l  s t a b i l i t y
a r e  r e q u i r e d  f o r  gas  -  l i q u i d  ch rom a tog raphy  ( g . l . c . ) .  The
p a r e n t  compounds may be a m in o a lc o h o ls  o r  d i o l s  b e lo n g in g  t o  th e
t e r p e n o id ^ ^ ;  s t e r o i d ^ ^ ,  a l k a l o i d ^ ^  o r  c a rb o h y d r a te  g ro u p s"^
The s e p a r a t i o n  o f  m o n o sa c c h a r id es  a s  a c e t a t e s  and t r i m e t h y l s i l y l
e t h e r s  by g . l . c .  i s  c o m p l ic a te d  by fo rm a t io n  o f  m u l t i p l e  d e r i v a t i v e s ,
r e p r e s e n t i n g  anom eric  fo rm s ,  w i th  o v e r l a p p in g  p e a k s .  F o r  t h i s
r e a s o n  t h e s e  s u g a r s  a r e  f i r s t  r ed u c e d  t o  g l y c i t o l s  which a r e  th e n
a c e t y l a t e d .  The e a s e  o f  fo rm a t io n  and s t e r e o s p e c i f i c  n a tu r e  i n
w hich  th e  b o r o n a te  r e a c t s  w i t h  h y d ro x y l  g roups  i n  p a i r s  h a s  l e d  t o
th e  deve lopm ent o f  a  r a p i d  method o f  s e p a r a t i o n  o f  t h e s e  g l y c i t o l s
r e p l a c i n g  t h e  p ro c e d u re  o f  a c é t y l a t i o n .  A b u t y l  s u b s t i t u e n t  r a t h e r
t h a n  p h e n y l  a t t a c h e d  t o  bo ro n  le n d s  g r e a t e r  v o l a t i l i t y  t o  t h e
d e r i v a t i v e ,  hence  th e  fo rm e r  a r e  p r e f e r r e d  f o r  g . l . c .  However th e
g r e a t e r  s t r e n g t h  o f  t h e  B-Ph bond s i m p l i f i e s  mass s p e c t r o m e t r y  and
p h e n y lb o ro n a te  d e r i v a t i v e s  have r e c e n t l y  been  u s e d  t o  sequence  
17n u c l e o t i d e s
The p a p e r  c h ro m a to g ra p h ic  m o b i l i t i e s  o f  c e r t a i n  s u g a rs  a r e  i n c r e a s e d  
when p h e n y lb o ro n ic  a c i d  i s  i n c o r p o r a t e d  i n t o  t h e  s o l v e n t .  The 
compounds a f f e c t e d  were a ld o s e s  and c y c l i t o l s  h a v in g  i n  t h e i r  most 
s t a b l e  c o n fo rm a t io n  a  l ( a x ) ,  3 ( a x ) - d i o l  g r o u p in g ^ ^ ’ ^^ . A c y c l ic  
po ly h y d ro x y  compounds h a v e ,  i n  g e n e r a l ,  much h i g h e r  v a lu e s  i n  th e  
s o lv e n t  c o n t a i n i n g  p h e n y lb o ro n ic  a c id  t h a n  t h e  a ld o s e s  o r  k e to s e s  
from  which t h e y  d e r i v e ,  t h u s  p r o v id i n g  a  r a p i d  method f o r  th e  s e p a r a t i o n
o f  p a i r s  o f  such  compounds. I t  was found  t h a t  r e  -  
ch rom atog raphy  i n  a  s o lv e n t  c o n t a i n i n g  w a te r  s e p a r a t e d  
p h e n y lb o ro n ic  a c i d  from  th e  p o lyhyd roxy  compounds.
T r a n s - e s t e r i f i c a t i o n  t o  an added d i o l  compound i s  a l s o  
r e a d i l y  e f f e c t e d .  P r o p a n e - 1 ,3 “ d i o l  i s  commonly u se d  f o r  t h i s  
p u rp o se  and e n a b le s  t h e  p h e n y lb o ro n a te  g ro u p in g  t o  be u se d  f o r
20b lo c k i n g  p a i r s  o f  h y d ro x y l  g ro u p s  i n  t h e  s y n t h e s i s  o f  d i s a c c h a r i d e s
21and v i t a m in  pangamic a c i d ,  d e r i v a t i v e s  ,
T h is  i s  a  l i t t l e  o f  t h e  work w hich h a s  been  p u b l i s h e d  on
p h e n y lb o ro n a te s  s in c e  t h e i r  d i s c o v e r y  r e p o r t e d  i n  1954 by K u i v i l a  
22e t . a l . . S u b s e q u e n t ly  t h e  c h e m is t r y  h a s  d e v e lo p e d  i n  a  hap­
h a z a r d  manner and i t  h a s  been  d e c id e d  t o  d i s r e g a r d  t h e  c h r o n o l o g i c a l  
o r d e r  i n  f a v o u r  o f  more o rd e r e d  p r e s e n t a t i o n .
F o rm a t io n  o f  t h e  c y c l i c  e s t e r s  h a s  been  a c co m p lish e d  i n  many, 
w id e ly  d i f f e r i n g  ways. P h e n y lb o ro n a te s  a r e  conmionly p r e p a r e d  u s in g  
p h e n y lb o ro n ic  a n h y d r id e  w hich r e a c t s  w i th  a  d i o l  sys tem  a s  shown i n  
F i g .  1 - 2 .
R R
^  ‘OH — ' 0 ^
+ ^ 4  (PhBO), #  (CH ) B-Ph + H„0
R^ R^
F i g .  1 -2
23 24No c a t a l y s t  i s  r e q u i r e d  and e q u i l i b r i u m  i s  r e a c h e d  r a p i d l y  ’ •
Methods o f  p r e p a r a t i o n  have a l l  been  co n c e rn e d  w i th  f o r c i n g  th e  
e q u i l i b r i u m  t o  t h e  r i g h t  by one o f  th e  f o l l o w i n g  m e th o d s : -
( i )  Use o f  a  l a r g e  e x c e s s  o f  one r e a g e n t  e . g .  g l y c e r o l  f o r
25g l y c e r o l  p h e n y lb o ro n a te
( i i )  P r e c i p i t a t i o n  o f  t h e  e s t e r  from  s.n aqueous r e a c t i o n
22medium e . g . P - g l u c i t o l  t r i s - p h e n y l b o r o n a t e  . T h is  method
i s  o n ly  a p p l i c a b l e  when th e  e s t e r  i s  r e s i s t a n t  t o  h y d r o ly s i s ,
M o n osaccha r ides  have  been  shown t o  form  s t a b l e  a n io n ic
com plexes i n  s o l u t i o n  o f  t h e  ty p e  shown i n  P i g .  1 -3  i n
26 27a d d i t i o n  t o  n e u t r a l  com plexes  ’
R
R '
F i g .  1-3
( i i i )  Removal o f  t h e  w a te r  p ro d u c e d .  T h is  may be a c h ie v e d  by
28 29 30 a z e o t r o p i c  d i s t i l l a t i o n  from  benzene  , d io x an  , t o lu e n e  ,
17 31o r  p y r id i n e  ; by  e v a p o r a t i o n  o f  an  a c e to n e  o r  a  2-m e thoxy -
21e t h a n o l  s o l u t i o n  ; by e x t r a c t i o n  o f  t h e  e s t e r  w i th  a
32 23hydroca.rbon s o lv e n t  o r  s im p ly  m e c h a n ic a l ly
The e s t e r s  so form ed c o n t a i n  o n ly  f i v e - ,  s i x -  o r  s e v e n -  membered
r i n g s .  P o lym er ic  p h e n y lb o r o n a te s  c o n t a i n i n g  bo ron  b r id g e s  a re
th o u g h t  t o  be form ed from p en ta n e  - 1 , 5- d i o l ^ ^ ,  hexane - 1 , 6- d i o l ^ ^
and t r a n s  -  c y c lo h e x a n e  - 1 , 4 - d i o l  ( F ig .  1 -4 )*  C y c l ic  b o r o n a te s
a r e  more o f t e n  e n c o u n te re d  how ever.
I
Ph
F i g .  1-4
Com plete s u b s t i t u t i o n  o c c u rs  such  t h a t  a  p o ly o l  w i th  an 
even  number, 2n ,  o f  f r e e  h y d ro x y l  g roups  r e a c t s  w i th  n/ 3  m oles 
o f  a n h y d r id e  t o  form  an e s t e r  w i th  n b o r o n a te  r i n g s ,  e . g . 
e r y t h r i t o l  b i s - p h e n y lb o r o n a t e ,  ( F ig .  1 - 5 ) .
U (BPh)
J
P i g .  1-5
A p o l y o l  w i th  an  odd number, 2n + 1, o f  h y d ro x y l  g roups  s i m i l a r l y  
r e a c t s  w i th  n/ 3  m oles  o f  a n h y d r id e  t o  p roduce  an  e s t e r  w i th  one 
f r e e  h y d ro x y l  g ro u p ,  e . g . g l y c e r o l  p h e n y lb o r o n a te ,  ( P ig .  1 - 6 ) .
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P i g .  1-6
I n  a  few c a s e s ,  l a r g e r  m o la r  r a t i o s  t h a n  t h e s e  may be n e c e s s a r y  
t o  form  a  s t o i c h i o m e t r i c  p ro d u c t  due t o  t h e  fo rm a t io n  o f  r i n g s  
c o n t a i n i n g  two bo ro n  a tom s. Such a  r i n g  i s  c a p a b le  o f  s p a n n in g  
a  l a r g e  0 - 0  d i s t a n c e  and an example o c c u rs  i n  m eth y l  a  -  B -  
g lucopj^Tanoside 2 ,3  -  ( d ip h e n y lp y ro b o r o n a te )  4»6- p h e n y lb o r o n a te , 
( P ig .  1 - 7 ) .
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F i g .  1-7
Use o f  s m a l l e r  m o la r  r a t i o s  t h a n  n /3  u s u a l l y  r e s u l t s  i n  
r e s i d u a l  p o l y o l  b u t  g a l a c t i t o l  form s a  b i s - p h e n y lb o r o n a te  
( F ig .  1 - 8 ) ,  w hich  i s  p r e p a r e d  i n  aqueous m e th a n o l^ ^ .  D i s s o l u t i o n  
i n  benzene  c a u s e s  d i s p r o p o r t i o n a t i o n  t o  t h e  t r i s - e s t e r  and g a l a c t i t o l .  
The t r i s - e s t e r  i s  u s u a l l y  p r e p a r e d  i n  a c e to n e .
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F i g .  1 -8
T h is  ty p e  o f  b e h a v io u r  h a s  been  o b s e rv e d  f o r  t h i s  one p o ly o l
o n ly  b u t  x y l i t o l  b i s - p h e n y lb o r o n a te  e x h i b i t s  po lym orphism ^^.
The v a r i o u s  form s may be i n t e r c o n v e r t e d  by c r y s t a l l i s i n g  from
d i f f e r e n t  s o l v e n t s .
The mechanism o f  fo rm a t io n  h a s  been  deduced  t o  o c c u r  by
c le a v a g e  o f  two B-0 b o n d s .  The a l t e r n a t i v e  would in v o lv e
c le a v a g e  o f  a  C-0 bond and no change i n  c o n f i g u r a t i o n  o f  an
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o p t i c a l l y  a c t i v e  c a rb o n  atom h a s  been  o b s e rv e d  .
Due t o  t h e  e l e c t r o n  d e f i c i e n t  n a t u r e  o f  b o ro n ,  d e t e r m i n a t i o n
o f  t h e  s t r u c t u r e  o f  p h e n y lb o r o n a te s  i s  q u i t e  com plex. The
p o s s i b i l i t y  o f  i n t e r m o l e c u l a r  a s s o c i a t i o n  im m ed ia te ly  a r i s e s .
However, m easurem ents  o f  m o le c u la r  w e ig h ts  o f  p h e n y lb o ro n a te s
o f  d i o l s  by d e p r e s s io n  o f  f r e e z i n g  p o i n t  i n d i c a t e s  t h a t
a s s o c i a t i o n  i n  s o l u t i o n  o f  t h e  ty p e  shown i n  F i g .  1 -9  i s  n e g l i g i b l e ^ ^ ,
T h i s  i s  u n e x p e c te d  s in c e  i n t e r m o l e c u l a r  a s s o c i a t i o n  h a s  been
o b s e rv e d  t o  o c c u r  i n  s e v e r a l  b o r o n a t e s ,  b u t  i t  h a s  been  s u g g e s te d
t h a t  t h i s  i s  a  s t e r i c  e f f e c t  o f  t h e  ph en y l  g ro u p .  I t  h a s  a l s o
b een  o b s e rv e d  t h a t  t h e  b o i l i n g  p o i n t s  i n c r e a s e  i n  a  norm al 
24sequence  i n d i c a t i n g  t h a t  a s s o c i a t i o n  does  n o t  o c c u r  i n  t h e  vapour  
p h a s e .  No i n t e r m o l e c u l a r  a s s o c i a t i o n  h a s  been  r e p o r t e d  o f  9, 
p o l y o l  p h e n y lb o r o n a te ;  t h e y  a r e  hence  assumed t o  be m onomeric.
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I n f r a r e d  s p e c t r a l  s t u d i e s  i n  t h e  r e g i o n  3700 — 3400 cm 
(0 H s t r e t c h i n g  v i b r a t i o n )  o f  p h e n y lb o ro n a te s  i n  d i l u t e  c a rb o n  
t e t r a c h l o r i d e  s o l u t i o n  ( O.OO5 M; a  c o n c e n t r a t i o n  s u f f i c i e n t l y  
low t h a t  i n t e r m o l e c u l a r  hydrogen  b o n d in g  may be d i s r e g a r d e d )  
p r o v id e  i n f o r m a t io n  c o n c e r n in g  t h e  n a t u r e  o f  i n t r a m o l e c u l a r  hydrogen  
b o n d in g  and c o n fo r m a t io n .  P h e n y lb o ro n a te s  h a v in g  f r e e  h y d ro x y l
g roups  g e n e r a l l y  a b s o rb  a t  a  f r e q u e n c y  o f  3638 ± 2 o n r^  i f  
t h e  h y d ro x y l  group  i s  p r im a ry ,  w h i le  i f  i t  i s  a  s e co n d a ry  
h y d ro x y l  g roup  i t  a b s o rb s  a t  3628 ± 2 cm Hydrogen b o n d in g
t o  an oxygen atom o f  t h e  b o r o n a te  r i n g  may t a k e  p la c e  s h i f t i n g  
t h e  f r e q u e n c y  down by Ai  ^ cm ^ p r o p o r t i o n a l  t o  t h e  s t r e n g t h  o f  
t h e  h yd rogen  bond , ( F ig .  I - I O ) ,
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R i b i t o l  b i s  -  p h e n y lb o ro n a te  
F i g .  I - I O
Recog-ni c ion  o f  c o n f i g u r a t i o n a l  g ro u p s  i s  e f f e c t e d  by 
com par ison  w i th  s p e c t r a  o f  known compounds such  a s  p a r t i a l l y  
s u b s t i t u t e d  m o n o sa c c h a r id es^ ^  and c y c lo h e x a n e  d i o l s ^ ^ .  Absence 
o f  h yd rogen  b o n d in g  may i n d i c a t e  c o - o r d i n a t i o n  o f  t h e  oxygen atom 
o f  t h e  h y d ro x y l  g roup  t o  b o ro n ^ ^ ,  ( F ig .  I - l l ) .
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G a l a c t i t o l  b i s  -  p h e n y lb o ro n a te  
F i g .  I - l l
The b o r o n a te  r i n g  s i z e  h a s  been  deduced  from t h i s  in f o r m a t io n  
l e a d i n g ,  f o r  t h e  f i r s t  t im e ,  t o  an a ss ig n m en t  o f  a  com p le te  
s t r u c t u r e  t o  a  b i c y c l i c  b o r o n a te  w hich  can  be made o n ly  by t h i s  method.
Tho i n f r a r e d  s p e c t r a  o f  p h e n y lb o r o n a te s  a r e  c h a r a c t e r i s e d  
by s t r o n g  a b s o r p t i o n s  a t  1350-1310 cm w hich have been  
a t t r i b u t e d  t o  t h e  B-0 s t r e t c h i n g  f r e q u e n c y  and much s h a r p e r  ones 
a t  144c cm ^ a r i s i n g  from  th e  B - a r y l  sy s te m . No c o r r e l a t i o n  
h a s  been  made be tw een  a b s o r p t i o n  f re q u e n c y  and r i n g  s i z e .
S t r u c t u r e  d e t e r m i n a t i o n s ,  n e c e s s a r y  f o r  a l l  p h e n y lb o r o n a te s ,  
save  th o s e  o f  d i o l s ,  a r e  t h e r e f o r e  p e rfo rm e d  from a  knowledge 
o f  t h e  p o s i t i o n  o f  t h e  f r e e  h y d ro x y l  g r o u p ( s ) .  S t r u c t u r e s  o f  
b i c y c l i c  and t r i c y c l i c  e s t e r s  w i th o u t  a  f r e e  h y d ro x y l  group 
rem a in  unknown.
S t r u c t u r e s  a r e  d e te rm in e d  by f o rm a t io n  o f  a  d e r i v a t i v e ,  rem oval
o f  t h e  b o r o n a te  f o l lo w e d  by e i t h e r  aqueous p e r i o d a t e  o x i d a t i o n
o r  c om par ison  w i th  a  known compound. The f r e e  h y d ro x y l  group  o f
a  p h e n y lb o ro n a te  may be c o n v e r t e d  tr< an  e s t e r  by t r e a tm e n t  w i th  an
a c i d  c h l o r i d e ,  e . g . a c e t y l ,  b e n z o y l  o r  t o lu e n e - p - s u l p h o n y l  c h l o r i d e s ,
o r  an a n h y d r id e ,  e . g . a c e t i c  o r  b e n z o ic  a n h y d r id e s .  A l l  f i v e
r e a g e n t s  have  been  s u c c e s s f u l l y  employed i n  v a r i o u s  c a s e s  and no
r e a r r a n g e m e n ts  have  been  o b s e rv e d .  T o s y l a t e s  may a f t e r w a r d s  be
39c o n v e r t e d  t o  b e n z o a te s  o r  a z id e s  . E s t é r i f i c a t i o n  w i th  an a c id  
i n  t h e  p r e s e n c e  o f  a  d e h y d r a t in g  a g e n t  may be p e rfo rm ed  i n  some 
c a s e s ^ ^ .  O x id a t io n  w i th  d i m e t h y l s u l f o x i d e / a c e t i c  a n h y d r id e  h as  
been  u s e d  t o  c o n v e r t  a  s e c o n d a ry  h y d ro x y l  group  i n t o  a  c a rb o n y l  
fu n c t io n "^ ^ .  However, i f  t h e  oxygen atom o f  t h e  f r e e  h y d ro x y l  
g roup  i s  c o - o r d i n a t e d  t o  bo ron  a s  i n  m e th y l  6 - d e o x y - a -B -a l lo p y r a n o s id e  
2 ,4 - p h e n y lb o r o n a t e  ( F i g .  1 -12 )  t h e  r e a c t i v i t y  i s  g r e a t l y  reduced^^*"^^.
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However, no d i f f i c u l t y  h a s  e v e r  heen  e x p e r ie n c e d  i n  p ro d u c in g
a  p h e n y lc a rb a m a te  e s t e r .  M é th y la t i o n ,  on th e  o t h e r  hand , h as
i n  t h e  p a s t  b een  u n s u c c e s s f u l^ ^ * ^ ^  and i t  h a s  been  su g g e s te d ^ ^
45t h a t , d u r i n g  m é t h y la t i o n  by th e  P u rd ie  method , w a te r  p roduced
by th e  r e a c t i o n  c l e a v e s  t h e  p h e n y lb o ro n a te  r i n g .
H y d r o ly s i s  and t r a n s - e s t e r i f i c a t i o n  a r e  t h e  common f a c i l e
m ethods o f  c l e a v i n g  a  p h e n y lb o ro n a te  r i n g .  H y d r o l y s i s ,  p r i o r
t o  p e r i o d a t e  o x i d a t i o n ,  i s  e f f e c t e d  by a d d i t i o n  o f  a  l a r g e  volume
o f  w a te r  t o  a  s o l u t i o n  o f  t h e  b o r o n a te  i n  N ,N -d im ethy lfo rm am ide .
T r a n s - e s t e r i f i c a t i o n  owes i t ?  s u c c e s s  t o  t h e  r e a d y  fo rm a t io n  o f
p r o p a n e - 1 , 3- d i o l  p h e n y lb o ro n a te  i n  a p r o t i c  s o lv e n t s  w i th  t h e
r e s u l t  t h a t  p h e n y lb o ro n a te  r i n g s  a r e  o f t e n  c le a v e d  from
c a r b o h y d r a te  e s t e r s  w i th  p r o p a n e - 1 ,3 - d i o l ^ ^ .  In  a  s m a l l  number
o f  c a s e s ,  e . g . m e th y l  3- ^ x y l o f u r a n o s i d e ^ '^  c le a v a g e  by t h i s
method p ro v ed  u n s u c c e s s f u l  and aqueous h y d r o l y s i s  fo l lo w e d  by
rem ova l  o f  t h e  p h e n y lb o ro n ic  a c id  p ro d u ced  w i th  a  s t r o n g l y  b a s ic
39io n  exchange r e s i n  was s u b s t i t u t e d  . O th e r  methods o f  rem oving
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35t h e  a c i d  i n c l u d e  s e p a r a t i o n  by p a p e r  ch rom atog raphy  and
e x t r a c t i o n  w i th  an o r g a n ic  s o lv e n t  e . g . c h lo ro fo rm ‘d^ o r  
32e t h e r
P a r t i a l  h y d r o l y s i s  h a s  been  o b s e rv e d  t o  o c c u r  i n  one c a se
o n ly  -  t h a t  o f  m e th y l  a - P - g lu c o p y r a n o s id e  2 ,3  - ( d i p h e n y lp y r o b o r o n a te )  
294 ,6 - p h e n y l b o r o n a t e  . The p y r o b o ro n a te  r i n g  was c le a v e d  by
t r e a tm e n t  w i th  benzene  s a t u r a t e d  w i th  w a t e r .  I n  o t h e r  c a s e s ,  th e
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c o u rs e  o f  t h e  r e a c t i o n  p ro c e e d s  t o  f r e e  p o l y o l  e . g . P -  m a n n i to l  .
I t  i s  hence  n o t  p o s s i b l e  t o  deduce  s t r u c t u r e s  o f  m u l t i c y c l i c
b o r o n a t e s  from  t h e  s t r u c t u r e s  o f  t h e i r  h y d r o l y s i s  p r o d u c t s  a s  i s
c u s to m ary  i n  t h e  f i e l d  o f  c y c l i c  a c e t a l  and k e t a l  c h e m is t r y .
P h e n y lb o ro n a te  e s t e r s  o f  f u r a n o i d  and  p y ra n o id  r i n g s  have  been
w e l l  d o c u m e n te d ^ ^ * ^ ^ 'd 3 )4 4 ,4 6 , 4 7 ,4 8  now rem a in s  f o r
s t r u c t u r e s  o f  t h e  e s t e r s  o f  a c y c l i c  p o l y o l s  t o  be s i m i l a r l y
a s s i g n e d  and compared w i th  them . I n  t h i s  way, d a t a  c o n c e r n in g
th e  s i z e ,  p o s i t i o n  and s t a b i l i t y  o f  t h e  f a v o u re d  r i n g  form w i l l  be
p r o v id e d .  W ith t h i s  ty p e  o f  i n f o r m a t io n ,  a  s e t  o f  r u l e s  was
f o rm u la te d  f o r  c y c l i c  a c e t a l s  and k e t a l s  w hich p r e d i c t e d  s t r u c t u r e s
49o f  such  d e r i v a t i v e s  o f  p o ly h y d r ic  a l c o h o l s  . However t h e  c h e m is t ry  
o f  p h e n y lb o r o n a te s  i s  such  t h a t  t h i s  t a s k  i s  more d i f f i c u l t  and two 
im m edia te  p rob lem s p r e s e n t  th e m s e lv e s .
The a b i l i t y  o f  b o ro n  t o  a c t  a s  an e l e c t r o n  a c c e p t o r ,  r e d u c in g  
th e  r e a c t i v i t y  o f  h y d ro x y l  g roups  i n  t h e  m o le c u le ,  r e q u i r e s  t h a t  
lo n g  r e a c t i o n  t im e s  i n  b o i l i n g  s o l v e n t s  be u s e d  t o  form d e r i v a t i v e s .  
At l e a s t  one b o r o n a te  i s  known t o  be u n s t a b l e  u n d e r  t h e s e  c o n d i t i o n s ,  
hence  a  m ethod w hich  c a n  be u s e d  a t  am bien t t e m p e ra tu re  s h o u ld  be 
d e v e lo p e d .  Though t h e  p h e n y lb o r o n a te s  o f  g ly c o s i d e s  have 
s u r p r i s i n g l y  n e v e r  g iv e n  mixed p r o d u c t s ,  i t  i s  q u i t e  l i k e l y  t h a t
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mixed e s t e r s  may be o b ta in e d  from an a c y c l i c  p o ly o l  s in c e  
t h e  0 -0  d i s t a n c e  may v a r y  c o n t i n u o u s ly  a s  a  r e s u l t  o f  f r e e  
r o t a t i o n  ab o u t  t h e  c a rb o n  s k e l e t o n .
An improved method o f  d e te r m in in g  r i n g  s i z e  i s  a l s o
r e q u i r e d .  S t r u c t u r e s  a s s i g n e d  by o b s e r v a t io n  o f  hydrogen  b o n d ing
th ro u g h  i n f r a r e d  s p e c t r o s c o p y  must now be v iew ed w i th  s u s p i c i o n
s in c e  i t  h a s  been  shown r e c e n t l y  t h a t  t h e  oxygen atoms o f  f i v e -
50and s i x -  membered b o r o n a te  r i n g s  a r e  n o n - e q u iv a le n t  . Back 
d o n a t io n  o f  e l e c t r o n s  from  oxygen t o  bo ro n  o c c u rs  t o  a  g r e a t e r  
e x t e n t  i n  a  s i x -  t h a n  i n  a  f i v e -  membered r i n g  r e s u l t i n g  i n  
a  r e d u c e d  e l e c t r o n  d e n s i t y  a ro u n d  th e  oxygen atoms o f  a  s i x -  
membered b o r o n a te  r i n g .  As th e  s t r e n g t h  o f  a  hyd rogen  bond 
v a r i e s  a c c o r d in g  t o  b o th  d i s t a n c e  and th e  e l e c t r o n  d e n s i t y  o f  th e  
oxygen atom, t h e  s p e c t r a l  s h i f t ,  , i s  no lo n g e r  d i r e c t l y  r e l a t e d  
t o  t h e  l e n g t h  o f  t h e  hyd rogen  bond, a  n e c e s s i t y  f o r  t h e  s u c c e s s f u l  
a p p l i c a t i o n  o f  t h e  m ethod.
S t r u c t u r a l  s t u d i e s  have  p r e v i o u s l y  been  r e s t r i c t e d  t o  m o le c u le s  
w i th  a  f r e e  h y d ro x y l  g r o u p ( s ) .  A c y c l ic  p o ly o l s  p o s s e s s i n g  an 
even  number o f  h y d ro x y l  g roups  e s t e r i f y  c o m p le te ly  w i th  p h e n y l­
b o r o n ic  a n h y d r id e  and a  s u b s t i t u t i o n  te c h n iq u e  i s  no lo n g e r  
a p p l i c a b l e ,  hence  t h e  s t r u c t u r e s  o f  many a l d i t o l  p h e n y lb o ro n a te s  
rem a in  unknown. Mass s p e c t r o m e t r y  a p p e a re d  t o  have p o t e n t i a l  i n  
d i s t i n g u i s h i n g  be tw een  p o s s i b l e  r i n g  s i z e s  and t o  t h i s  end , a  s tu d y  
o f  t h e  mass s p e c t r a  o f  a  s e r i e s  o f  p h e n y lb o ro n a te s  o f  d i o l s  was 
u n d e r t a k e n .
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I I  A sp e c ts  o f  Mass S p e c t r o m e t r y .
B e fo re  t h e  commencement o f  t h i s  work, o n ly  one p u b l i c a t i o n ^ ^  
had  a p p e a re d  c o n c e r n in g  mass s p e c t r o m e t r y  o f  p h e n y lb o r o n a te s .
The compounds were m a in ly  s t e r o i d a l  d e r i v a t i v e s  and no d e t a i l e d  
in f o r m a t io n  was s u p p l i e d .  S in c e  t h e n  how ever, numerous p a p e rs  
have  a p p e a re d  and t h e s e  w i l l  be d i s c u s s e d , i n  c o n t e x t , i n  t h e  n e x t  
c h a p t e r .  The l i t e r a t u r e  i s  su rv e y e d  t o  December, I 97 I .  F i r s t ,  
i t  w i l l  be u s e f u l  t o  re v ie w  th e  t e c h n i q u e s  u se d  i n  a s se m b lin g  a  
f r a g m e n ta t io n  p a t t e r n  o f  t h e  p h e n y lb o r o n a te s  o f  d i o l s .
I I - A  I n s t r u m e n t s  -  t h e  g e n e r a l  d e s i g n .
I n  a  mass s p e c t r o m e te r ,  i o n s  a r e  p roduced  from a  v o l a t i l i s e d  
sam ple ,  s e p a r a t e d  a c c o r d in g  t o  t h e i r  mass t o  c h a rg e  r a t i o ,  and 
t h e i r  r e l a t i v e  abundances  a r e  d e te r m in e d .  The b a s i c  u n i t s  a r e  
t h e r e f o r e  a  sample i n t r o d u c t i o n  sy s tem , an i o n i s a t i o n  chamber, a  
mass a n a l y s e r , a n d  a  d e t e c t i o n  and d i s p l a y  sy s tem . The chamber in  
w hich  i o n i s a t i o n  o f  t h e  sample t a k e s  p l a c e  i s  o f t e n  r e f e r r e d  t o  a s  th e  
" io n  s o u rc e  " ,  A mass sp ec tru m  may be r e g a r d e d  a s  a  p a r t i a l  p ro d u c t  
a n a l y s i s  ( n e u t r a l  m o le c u le s  w hich a r e  p roduced  a r e  n o t  a n a ly s e d )  o f  
s p e c i e s  form ed i n  t h e  " io n  so u rc e  ",
I n v o l a t i l e  l i q u i d s  and some s o l i d s  c an  be i n t r o d u c e d  v i a  a  l e a k  
from  a  h o t  s t o r a g e  v e s s e l ,  b u t  th e r m a l  d e c o m p o s i t io n  o f  th e  sample 
may o c c u r  i n  some c a s e s .  S o l id s  a r e  u s u a l l y  in t r o d u c e d  on a  
ce ra m ic  d i r e c t  i n s e r t i o n  probe  w hich can  be h e a te d  so t h a t  any s o l i d  
h a v in g  a  v ap o u r  p r e s s u r e  o f  10 ^ t o r r  a t  a  t e m p e ra tu re  below 36O w i l l  
g iv e  a  mass sp e c t ru m .
The e x c e s s iv e  h e a t  r e q u i r e d  t o  v o l a t i l i s e  a  s u b s ta n c e  f o r  
i n t r o d u c t i o n  i n t o  t h e  " io n  s o u rc e "  i s  th e  most common cause  o f  
a r t i f a c t  p r o d u c t io n  and i t  i s  im p o r ta n t  t o  d i f f e r e n t i a t e  be tw een
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t h e r m a l  and m e t a l - c a t a l y s e d  e f f e c t s  p r i o r  t o  i o n i s a t i o n  and 
an  a u t h e n t i c  e l e c t r o n  im pact prom oted phenomenon. One o f  th e  
most common and t y p i c a l  p rob lem s i s  t h a t  e n c o u n te re d  i n  t h e  mass 
s p e c t r a  o f  a l c o h o l s  w hich f r e q u e n t l y  d i s p l a y  a  M-H^O peak .
T h is  may be an  a u t h e n t i c  f rag m en t  peak o r  due t o  t h e  m o le c u la r  
io n  o f  t h e  o l e f i n  p roduced  by th e r m a l  d e h y d r a t io n  p r i o r  t o  
i o n i s a t i o n .  C l e a r l y ,  t h i s  i s  o f  c r u c i a l  im p o r tan ce  t o  t h e  p ro p e r  
i n t e r p r e t a t i o n  o f  a  mass sp e c tru m , b e c au se  th e  f r a g m e n ta t io n  p a t t e r n  
o f  t h e  a l c o h o l  i s  u s u a l l y  q u i t e  d i f f e r e n t  from t h a t  o f  t h e  o l e f i n .
Not s u r p r i s i n g l y ,  i t  was o b s e rv e d  t h a t  p h e n y lb o ro n a te s  h a v in g  
one f r e e  h y d ro x y l  group i n  t h e  m o lecu le  were decomposed by 
i n t r o d u c t i o n  th ro u g h  a  h e a t e d  i n l e t  sys tem  and no m o le c u la r  io n  
was o b s e rv e d .  The spec trum  a f t e r  d i r e c t  i n s e r t i o n  was q u i t e  
s a t i s f a c t o r y  how ever, and d e h y d ra t io n  in d u ce d  by i o n i s a t i o n  was 
o b s e rv e d .
The v o l a t i l i s e d  sample i s  i o n i s e d  by  bombardment w i th  a  beam o f  
e l e c t r o n s :  i n  o r d e r  t o  a c h ie v e  maximum s e n s i t i v i t y  and s t a b i l i t y ,
t h e  e n e rg y  o f  t h e  e l e c t r o n s  i s  u s u a l l y  70 e . v .  I n  some in s t r u m e n ts ,  
i o n i s a t i o n  i s  e f f e c t e d  u s i n g  a  l i g h t  so u rc e  o r  e l e c t r i c  f i e l d ,  b u t  
t h e  most common " io n  s o u rc e "  employs e l e c t r o n  bombardment. A l l  io n s  
move o u t  o f  t h e  " io n  s o u rc e "  u n d e r  th e  i n f l u e n c e  o f  t h e  io n  r e p e l l e r  
and  p a s s  th ro u g h  an e l e c t r i c  a c c e l e r a t i n g  f i e l d  (V v o l t s )  i n t o  th e  
mass a n a l y s e r  w i th  a  t r a n s l a t i o n a l  e n e rg y  o f  Ve,
Mass a n a l y s i s  i s  u s u a l l y  e f f e c t e d  by p a s s i n g  th e  io n s  th ro u g h  a  
m ag n e t ic  f i e l d ,  H, when th e y  d e s c r i b e  d i f f e r e n t  t r a j e c t o r i e s  o f  
r a d i u s  r  .
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2Hev = mv 
r
where v  i s  t h e  v e l o c i t y  o f  t h e  io n .
2
T h e r e f o r e  r  = , b u t  Ve = inv ,
He 2
2
t h e r e f o r e  v  = 2eV,
m
r  =/ 2mV \  ^ o r  m = r  Hand
By u s i n g  an  e l e c t r o m a g n e t , H may be i n c r e a s e d  s t e a d i l y  c a u s in g  
io n s  o f  i n c r e a s i n g  mass t o  c h a rg e  r a t i o  t o  be fo c u s s e d  s u c c e s s i v e l y  
o n to  a  c o l l e c t o r  s l i t .  An e l e c t r o n - m u l t i p l i e r  i s  p o s i t i o n e d  
b e h in d  t h i s  s l i t ,  and th e  o u tp u t  f e d  i n t o  a  g a lv n o m e te r  r e c o r d e r .
The mass sp e c tru m  o b t a i n e d  i s  a  p a r t i a l  p ro d u c t  a n a l y s i s  o f  t h e  
r e a c t i o n s  o c c u r r i n g  i n  t h e  " io n  so u rc e  " ,
An im p o r ta n t  c h a r a c t e r i s t i c  o f  a  mass s p e c t r o m e te r  i s  t h e  
r e s o l v i n g  pow er, w hich  i s  a  m easure  o f  t h e  a b i l i t y  o f  th e  in s t ru m e n t
t o  s e p a r a t e  i o n s  o f  d i f f e r e n t  mass t o  c h a rg e  r a t i o .  I t  i s  u s u a l l y
r
d e f i n e d  a s  t h e  h i g h e s t  mass a t  w hich t h e r e  i s  a  " 10^  v a l l e y "  betw een 
a d j a c e n t  p e a k s  o f  e q u a l  i n t e n s i t y .  F o r  a  s i n g l e  f o c u s s i n g  
in s t r u m e n t  o f  t h e  type  d e s c r i b e d  a b o v e ,s u c h  a s  th e  H i t a c h i  RMS-4, ^  
t y p i c a l  r e s o l v i n g  power i s  abou t  $0 0 0 , t h e  v a lu e  b e in g  l i m i t e d  by 
e n e rg y  s p re a d  i n  t h e  io n  beam. I n  a  doub le  f o c u s s i n g  s p e c t r o m e te r ,  
su ch  a s  t h e  A .E . I .  M.S. $02, w i th  w hich  a l l  t h e  s p e c t r a  o f  p h e n y l­
b o r o n a t e s  i n v e s t i g a t e d  by th e  a u th o r  were r e c o r d e d ,  t h i s  i s  c o n s id e r a b l y  
r e d u c e d  by p l a c i n g  an  e l e c t r o s t a t i c  a n a l y s e r  be tw een  th e  " io n  so u rc e "  
and t h e  m ag n e t ic  a n a l y s e r ,  ( F ig .  I I - l ) .  I n  t h i s  way, a  r e s o l v i n g  
power o f  o v e r  ^ O j O O O  c an  be a c h ie v e d .
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I I - B  Low r e s o l u t i o n .
I o n i s a t i o n  o f  t h e  sample m o le c u le  i s  a c h ie v e d  by bombardment 
w i th  e l e c t r o n s  o f  70 e . v ,  e n e rg y ,  t h e  most p ro b a b le  amount t o  be 
t r a n s f e r r e d  b e in g  be tw een  15 and 20 e . v .  T y p i c a l l y ,  abou t  10 e . v .  
i s  r e q u i r e d  t o  remove an e l e c t r o n  from a  m o le c u le  t o  form a  ground 
s t a t e  m o le c u la r  io n  so t h a t  an e l e c t r o n i c a l l y  e x c i t e d  s p e c i e s  i s  
fo rm ed , h a v in g  an  a v e ra g e  e n e rg y  o f  e x c i t a t i o n  o f  ^ - 6  e . v .  T h is  
i s  n o t  a  l a r g e  amount f o r  a  l a r g e  m o le c u le  w hich  may have 2-3 e . v .  
o f  z e ro  p o i n t  e n e rg y .  T hus , i f  e x c i t e d  i o n s  can  r e v e r t  r a p i d l y  
t o  t h e  g round  e l e c t r o n i c  s t a t e  by r a d i a t i o n l e s s  t r a n s i t i o n s ,  io n s  
u n d e rg o in g  d e c o m p o s i t io n  w i l l  be ground  e l e c t r o n i c  s t a t e ,  v i b r a t i o n a l l y  
e x c i t e d  io n s  and  some o f  t h e  o r g a n ic  c h e m i s t ’ s e x p e r ie n c e  o f  io n s  
. i n  s o l u t i o n  i s  l i k e l y  t o  be a p p l i c a b l e .  On t h i s  p r e m is e ,  th e  
c o n c e p t  o f  c h a rg e  l o c a l i s a t i o n  i s  in v o k ed  t o  e x p l a i n  t h e  u n im o le c u la r  
f r a g m e n t a t i o n  w hich  th e  m o le c u la r  io n  u n d e rg o e s  i n  t h e  " io n  so u rc e "  
a s  a  r e s u l t  o f  i t s  e x c e s s  e n e rg y .
Io n s  w i th  a  r a t e  c o n s t a n t  f o r  d e c o m p o s i t io n  k  > 10^  sec  ^ w i l l
decompose i n  t h e  " io n  s o u rc e "  and o n ly  t h e  f ra g m e n ts  w i l l  be r e c o r d e d
on t h e  s p e c t ru m .  As th e  sample p r e s s u r e  i n  t h e  in s t r u m e n t  n e v e r  
- 4e x c e e d s  10 t o r r ,  io n  m o le c u le  r e a c t i o n s  a r e  so r a r e  a s  t o  be 
n e g l i g i b l e  and t h e  f ra g m e n ts  a lw ays  have  a  low er  mass t h a n  th e  
m o le c u la r  i o n .  The sp ec tru m  p ro d u ce d  by a  s i n g l e  f o c u s s i n g  
s p e c t r o m e te r ,  such  a s  t h e  H i t a c h i  RMS-4, u s e d  by t h e  a u th o r  t o  
d e te rm in e  t h e  mass s p e c t r a  o f  m e th y l  e t h e r s  ( s e e  C h a p te r  IV ) ,  may be 
s im p ly  r e p r e s e n t e d  by a  b a r  g ra p h ,  t h e  mass v a lu e s  o f  t h e  io n s  b e in g  
assum ed i n t e g r a l .  Examples may be found  i n  t h e  a p p e n d ix .  Any 
a t t e m p t  a t  e x p l a i n i n g  th e  spec trum  must a c c o u n t  f o r  t h e  io n s  o f
18
g r e a t e s t  abundance . (The h e i g h t s  o f  t h e  peaks a r e  e x p re s s e d  
a s  a  p e r c e n ta g e  o f  th e  t o t a l  io n  c u r r e n t  . These may be
c h a r a c t e r i s e d  by p r e c i s e  mass m easurem ent and t h e i r  o r i g i n s  
d e te rm in e d  from  m e t a s t a b l e  i o n s .  The i n f o r m a t io n  i s  a ssem bled  
t o  form  a  f r a g m e n t a t i o n  p a t t e r n  from w hich th e  m o lecu le  i s  
i d e n t i f i e d .
I I -C  High  r e s o l u t i o n .
The mass v a lu e s  have  been  assum ed i n  th e  above t o  be i n t e g r a l ,  
b u t  a  doub le  f o c u s s i n g  in s t r u m e n t  o f  h i g h e r  r e s o l v i n g  power such  
a s  t h e  M.S. $02 would show t h a t  t h e  m asses  have  a  d e c im a l  p a r t .
T h is  may be employed to  a s s i g n  a  fo rm u la  t o  an io n .  F o r  exam ple, 
t h e  most a b u n d an t  io n  i n  th e  sp ec tru m  o f  p r o p a n e - 1 ,2 - d i o l  p h e n y l­
b o r o n a te  ( 3 ) o c c u rs  a t  t h e  nom ina l  mass o f  e  147* I f  t h i s  io n  
h a s  a  fo rm u la  Cg Hg BO^, i t  sh o u ld  have  a  p r e c i s e  mass o f  147-0617-
8 C = 8 X 12 .00000
8 H = 8 X 1.00783
B = 11.00931
2 0  = 2 X 1 3 . 9 9 4 9 1
c a l c .  Cg Hg BO = 147.0617
Use o f  t h i s  h ig h  r e s o l u t i o n  te c h n iq u e  and com par ison  w i th  an  ion  
o f  p r e c i s e l y  known mass shows th e  mass t o  be 147-0614, c o n f i r m in g  
t h i s  f o rm u la .
The t e c h n iq u e  i s  o f  inmense v a lu e  when l a r g e  f ra g m e n ts  have  been  
l o s t  from th e  m o le c u la r  io n .  The peak  a t  ^^e  IO5 , a g a in  i n  th e  
s p ec tru m  o f  ( 3 ) ,  i s  an  exam ple. The io n  may have fo rm u la  Cg o r  
Cg Hg BO o f  m asses  IO5 -O7O4 and 105-0512 r e s p e c t i v e l y .  By u s i n g  a  
h ig h  r e s o l v i n g  power, boch t h e s e  io n s  were found  t o  be p r e s e n t  and 
t h e i r  abundances  d e te rm in e d .
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E le m e n ta l  m asses  r e l a t i v e  to  ca rb o n  12 a r e  n e v e r  i n t e g e r s ,
hence  m easurem ent o f  an i o n ' s  mass t o  one p a r t  p e r  m i l l i o n
u s u a l l y  r e s u l t s  i n  t h e  a s s ig n m en t  o f  an unambiguous fo rm u la .  Most
o f  th e  f r a g m e n ta t io n  p r o c e s s e s  w hich a r e  m en tioned  i n  th e  n e x t
c h a p te r  a r e  s u p p o r te d  by m e t a s t a b l e  i o n s ,  th e  p a r e n t  and d a u g h te r
io n s  o f  w hich have s a t i s f a c t o r y  p r e c i s e  m asses .
I I - D  M e ta s ta b le  i o n s .
The r a t e  a t  w hich io n s  decompose i s  a  f u n c t i o n  o f  t h e i r  i n t e r n a l
e n e rg y .  Hence io n s  w i th  a  rang-e o f  r a t e  c o n s t a n t s  (k )  f o r
d e c o m p o s i t io n  a r e  form ed i n  t h e  " io n  so u rc e  "♦ I n  a  t y p i c a l
i n s t r u m e n t , i o n s  spend  ab o u t  10 ^ sec  i n  t h e  " io n  so u rc e  " ,  so t h a t  
6 -1i f  k  e x c ee d s  10 se c  , a  f ragm en t  i s  c o l l e c t e d .  Io n s  t y p i c a l l y  
t a k e  c a .  20 m ic ro - s e c o n d s  to  r e a c h  th e  c o l l e c t o r ,  so t h a t  i f  k  i s  l e s s
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t h a n  10' sec  , a  p a r e n t  io n  i s  c o l l e c t e d  b e f o r e  d e c o m p o s i t io n  can
R —1  ^ —1
o c c u r .  I f  k  l i e s  be tw een  10 sec  and  10 sec  , d e c o m p o s i t io n  
m igh t o c c u r  w h i l s t  t h e  io n  i s  i n  t h e  a n a l y s e r  t u b e ,  t h e r e b y  g iv in g  
r i s e  t o  a  m e t a s t a b l e  t r a n s i t i o n .  I f  more th a n  one f r a g m e n ta t io n  
p r o c e s s  can  o c c u r  from  th e  same p a r e n t  io n ,  t h e  low er e n e rg y  p r o c e s s  
u s u a l l y  g iv e s  r i s e  t o  th e  more i n t e n s e  m e t a s ta b le  io n .
Io n s  o f  mass m^ w i th  a  sm a l l  e x c e s s  en e rg y  (k  be tw een  10^ and 
10^ s e c " ^ )  decompose i n  th e  a n a l y s e r  tu b e  o f  t h e  s p e c t r o m e te r  t o  io n s
o f  mass m^ and , a s  a  r e s u l t  o f  t h e i r  r e d u c e d  k i n e t i c  e n e rg y ,  produce
a  d i f f u s e  m e t a s t a b l e  io n  i n  t h e  spec trum  a t  a  p o s i t i o n  low er th a n  
e i t h e r  m^ o r  m^. Such io n s  m^ a r e  s a i d  t o  be m e t a s ta b le  and an 
example o f  a  m e t a s t a b l e  io n  a p p e a r s  a t  '^^e 133*4 i n  t h e  sp ec tru m  o f  
( 3 ) r e p ro d u c e d  i n  P i g .  I I - 2 .  The p o s i t i o n  a t  which th e  m e ta s ta b le  
io n  a p p e a r s  i n  t h e  sp ec tru m  i s  g iv e n  by t h e  e q u a t io n
2m* = m^
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T h is  m e t a s t a b l e  io n  i s  t h e r e f o r e  c a u se d  by th e  m o le c u la r  io n  
l o s i n g  a  m e th y l  r a d i c a l .  Two m e t a s ta b le  io n s  o c c u r  b ecause  
bo ron  o c c u r s  n a t u r a l l y  a s  two i s o t o p e s  o f  m asses  10 and 11 i n  an 
abundance  r a t i o  o f  1 :4 ,  t h e  r a t i o  v a r y i n g  s l i g h t l y  w i th  th e  
n a t u r a l  s o u r c e .
S  « 1 1 4
M e ta s ta b l e  io n  f o r  th e  p r o c e s s
-OH •
 ^ >
10 162 B (161)
m/
/ s  133 130
147
( 146)
“ 2
1472
162
146^
161
m*
133.39
132 .40
m* found  = 133 .4
= 132 .4
F i g .  I I - 2
T h is  may be u s e d  t o  a d v a n ta g e  when th e  n a tu r e  o f  th e  d a u g h te r  
io n  m^ i s  i n  d o u b t .  Such a  c a se  a r i s e s  when two io n s  o f  th e  
same i n t e g r a l  mass a r e  p r e s e n t  a t  mass m^. For exam ple, i n  th e  
sp ec tru m  o f  p e n ta n e —2 ,4 —d.iol p h e n y lb o r o n a te ,  th e  i d e n t i t y  o f  t h e  io n
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a t  105 may be BO o r  Cg P r e c i s e  mass m easurem ents
have shown b o th  p r e s e n t .  The m e t a s t a b l e  io n  a t  '^'^e 6 3 ,0  
(= 1 0 5 / 175 ) c o u ld  r e s u l t  from e i t h e r  o f  t h e  p r o c e s s e s  shown in  
F i g .  I I - 3 .  The c o r r e s p o n d in g  m e t a s ta b le  io n s  f o r  *^^ B i s o t o p e s  
would a p p e a r  a t  ^^e  6 3 .4  and ^^e  6 2 .2 .  The p re s e n c e  o f  a  
m e t a s t a b l e  i o n  a t  t h e  fo rm e r  and ab sen ce  o f  one a t  t h e  l a t t e r  
p o s i t i o n ,  i n d i c a t e s  t h e  p r o d u c t io n  o f  a  h y d ro ca rb o n  io n .
^  ^°B0_ Co
10 B-Ph — — --------   ^  y ^
e 105 m* 6 3 .40
m /e 174 ________ m/0 104 m* 6 2 .2
F i g .  I I - 3
O b s e r v a t io n  o f  m e t a s t a b l e  i o n s  i n  a  norm al spec trum  may 
som etim es be d i f f i c u l t  a s  a  r e s u l t  o f  t h e i r  low i n t e n s i t y  compared 
w i t h  norm al i o n s .  D e t e c t io n  o f  ^^B m e t a s t a b l e  io n s  i s  o f  i n c r e a s e d  
d i f f i c u l t y  a s  t h e y  a r e  o n ly  one q u a r t e r  o f  t h e  abundance o f  th e  
c o r r e s p o n d in g  ^^B i o n s .  S u p p re s s io n  o f  t h e  norm al i o n s ,  u s in g  
’•he s c i n t i l l a t o r  d e v ic e  shown i n  F i g .  I I - 4  s i m p l i f i e s  t h e  mass 
sp ec tru m  and by u s i n g  a  h i g h e r  s e n s i t i v i t y  t h e  m e ta s ta b le  io n s  may 
be en h a n ce d .  O b s e r v a t io n  o f  a  weak ^^B m e t a s ta b le  io n  a t  ^ / e  6 1 .8  
t o g e t h e r  w i th  a  ^^B m e t a s t a b l e  io n  a t  ^ ^ e  6 1 .5  i n  a  r a t i o  o f  1 :4  
i n  such  a  sp ec tru m  o f  b u ta n e  - 2 , 3 - d i o l  p h e n y lb o ro n a te  r e v e a l e d  
t h a t  t h e  h y d ro c a rb o n  io n  Gg Hg e  IO4 ) r a t h e r  t h a n  Cg BO
( ^ / e  104) i s  p ro d u ced  d i r e c t l y  from  th e  m o le c u la r  i o n .  The spectrum
o f  t h e  d e u t e r a t e d  a n a lo g u e  2 , 3~d.2—b u ta n e —2 ,3 —d i o l  p h e n y lb o ro n a te  c o n fi rm e d  
t h i s .
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C io  ( 4  176)  >  Cg Hg"  ^ ( 4  104) m* 6 1 .5
'^10 «13  175)  >  Cg Hg'*' ( 4  104 ) m* 6 1 .8
°10 178)  >  Cg H^D'*('"/e 105) m* 61.9
M e ta s ta b le  io n s  i n c r e a s e  t h e  e a s e  o f  i n t e r p r e t a t i o n  and 
assem b ly  o f  a  f r a g m e n ta t io n  p a t t e r n  a s  t h e y  a r e  d i r e c t  p ro o f  o f  a  
d e c o m p o s i t io n  o c c u r r i n g  a s  a  r e s u l t  o f  i o n i s a t i o n .  In  c a s e s  where 
t h e  p o s i t i o n s  o f  two m e t a s t a b l e  i o n s  r e s u l t i n g  from two p o s s ib l e  
p r o c e s s e s  a r e  c o i n c i d e n t ,  t h e  p a r e n t  o f  t h e  m e t a s ta b le  io n  may be 
d e te rm in e d  by a c c u r a t e l y  m e a su r in g  th e  k i n e t i c  e n e rg y  o f  th e  io n  a t  
t h e  c o l l e c t o r .  T h is  may be done b o th  d i r e c t l y  and i n d i r e c t l y .
The d i r e c t  method in v o lv e s  r e p l a c i n g  th e  e l e c t r o n - m u l t i p l i e r  by 
t h e  s c i n t i l l a t o r  d e v ic e  shown in  P i g .  31-4* I n  so d o in g ,  th e  norm al 
mass spec trum  i s  removed f a c i l i t a t i n g  o b s e r v a t io n  o f  m e ta s ta b le  io n s ,  
e s p e c i a l l y  th o s e  a t  i n t e g r a l  mass v a l u e s .  P a re n t  io n s  decom posing 
i n  t h e  f i e l d  f r e e  r e g i o n  betw een  th e  e l e c t r o s t a t i c  and m agne tic  
a n a l y s e r s  a r e  s t u d i e d .  I f  a  p a r e n t  o f  mass m^ o f  k i n e t i c  en e rg y  
Ve e l e c t r o n  v o l t s  u n d e rg o e s  a  m e ta s ta b le  t r a n s i t i o n ,  th e i  t h e  d a u g h te r  
io n  o f  mass m^ w i l l  a r r i v e  a t  t h e  c o l l e c t o r  h a v in g  o n ly  m^ Ve e l e c t r o n  
v o l t s  o f  k i n e t i c  e n e rg y .  A djus tm ent o f  t h e  magnet t o  ’^ l  b r i n g  
t h e  m e t a s t a b l e  io n  i n t o  fo c u s  c a u s e s  t h i s  d a u g h te r  io n  t o  f a l l  on 
t h e  s c i n t i l l a t o r .  By c a r e f u l  a d ju s tm e n t  o f  t h e  s c i n t i l l a t o r  
v o l t a g e ,  a  p o i n t  i s  re a c h e d  when a  p a r t i c u l a r  d a u g h te r  io n  i s  j u s t  
n o t  d e t e c t e d  and a  s h a rp  f a l l  o c c u rs  i n  t h e  c u r r e n t  p roduced  by th e  
p h o t o m u l t i p l i e r .  T h is  c u t - o f f  v o l t a g e  i s  a  d i r e c t  m easure o f  
t h e  k i n e t i c  e n e rg y  o f  th e  io n .  Hence
eV^ = mg Ve,
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where V i s  t h e  a c c e l e r a t i n g  v o l t a g e ,  and
V = = m*c 2 —
V 2
By t h i s  m ethod, t h e  m eta s t a b l e  io n  a t  ^^e  $ 6 .3  i n  th e  spec trum  
o f  b u ta n e  - 1 , 2 , 4 - t r i o l  p h e n y lb o ro n a te  was a s s ig n e d  th e  t r a n s i t i o n
^ l /  ^ 2 /
'  Q 147 --------^  e 91 (m* c a l c .  = 5 6 .3 )»  s in c e  th e
a c c e l e r a t i n g  v o l t a g e  V = 7896 v o l t s ,
t h e  c u t - o f f  v o l t a g e  = 4900  v o l t s ,
and m^ = ^  x  m* = 9 0 .7
c
N o n - i n t e g r a l  m asses  a r e  a t t r i b u t a b l e  t o  i n s t r u m e n t a l  e r r o r  and have 
no s i g n i f i c a n c e .  An a l t e r n a t i v e  o r i g i n  o f  t h i s  m e t a s ta b le  io n
c o u ld  a l s o  have  been  t h e  t r a n s i t i o n  '^ l / e  192 -------5» ^ 2 / e  IO4
(m* c a l c .  = 5 6 . 3 ) .
The i n d i r e c t  method i s  more t im e  consum ing th ough  c a p a b le  o f  
h i g h e r  s e n s i t i v i t y .  I n  f a c t  t h i s  method showed th e  t r a n s i t i o n
™ l/e 192 -----• ^ 2/ e  104 a l s o  o c c u r r e d  t o  a  s m a l l e r  e x t e n t .  The
d e f o c u s s in g  t e c h n iq u e ^ ^  o b s e rv e s  m e t a s t a b l e  io n s  decom posing i n  th e  
f i e l d  f r e e  r e g i o n  be tw een  th e  " io n  s o u rc e "  and e l e c t r o s t a t i c  a n a l y s e r .
A p a r e n t  io n  o f  mass m^ h a v in g  been  a c c e l e r a t e d  by a  p o t e n t i a l  
V ( v o l t s )  a f t e r  l e a v i n g  th e  " io n  s o u rc e "  would have a  k i n e t i c  ene rgy  
o f  Ve e l e c t r o n  v o l t s .  But t h i s  would be re d u c e d  i n  a  m e ta s ta b le  
t r a n s i t i o n
+  4-m^ ------------- >  m^ + (m^ -  m^)
t o  m^ Ve e l e c t r o n  v o l t s  and th e  io n  would n o t  be t r a n s m i t t e d  by th e
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e l e c t r o s t a t i c  a n a l y s e r  u n d e r  norm al o p e r a t i n g  c o n d i t i o n s .
I f  t h e  p a r e n t  io n  were g iv e n  a  g r e a t e r  k i n e t i c  ene rgy  i n i t i a l l y
by r a i s i n g  th e  a c c e l e r a t i n g  p o t e n t i a l  t o  v o l t s ,  t h e n  i t  would 
be t r a n s m i t t e d  by an  unchanged  e l e c t r o s t a t i c  a n a ly s e r  (E v o l t s )  
i f
eV = m^ eV^
o r  = m^
V m^
Normal i o n s  would have  a  h ig h  k i n e t i c  e n e rg y ,  c o l l i d e  w i th  th e  
w a l l s  o f  t h e  e l e c t r o s t a t i c  a n a l y s e r  and n o t  be t r a n s m i t t e d .  The 
e f f e c t  would be t h a t  o n ly  m e t a s t a b l e  io n s  would be r e c e iv e d  by th e  
e l e c t r o n - m u l t i p l i e r ,  which c o u ld  c o n s e q u e n t ly  be u s e d  n e a r  i t s  
maximum g a in .
I n  p r a c t i c e ,  t h e  s p e c t r o m e te r  must be m o d if ie d  s in c e  t h e  r a t i o  v/ e  
i s  u s u a l l y  f i x e d .  I n c r e a s i n g  V, w i th  th e  e l e c t r o s t a t i c  and 
m ag n e t ic  a n a l y s e r s  s e t  t o  c o l l e c t  io n s  a t  t h e  norm al d a u g h te r  p o s i t i o n ,  
h a s  t h e  e f f e c t  o f  show ing a  s e r i e s  o f  i o n s  o f  mass m^ w i th  d e c r e a s in g  
k i n e t i c  e n e r g i e s  and t h e s e  have been  p roduced  from p a r e n t s  o f  
d i f f e r e n t  m asses  by m e t a s t a b l e  t r a n s i t i o n s .  Thus a l l  t h e  p r e c u r s o r s  
o f  a  p a r t i c u l a r  io n  may be e s t a b l i s h e d  by s c a n n in g  th e  a c c e l e r a t i n g  
p o t e n t i a l  V and a  com p le te  f r a g m e n ta t io n  p a t t e r n  a sse m b le d .
The f o l l o w i n g  r e s u l t s  were o b t a in e d  i n  t h e  spec trum  o f  b u ta n e  - 1 , 2 , 4 -  
t r i o l  p h e n y lb o r o n a te .
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D augh te r  V , / I n t e n s i t y  P a re n t
(m /^) /V  o f  m* (m/^)
91 1 .616  25 147 .1
104 1 .8 3 0  2 192 .1
Thus b o th  p r o c e s s e s  were found  t o  c o n t r i b u t e  t o  t h e  m e ta s ta b le  
io n  a t  5 6 .3 .
C h a r a c t e r i s a t i o n  o f  i o n s  i n  t h e  s p e c t r a  by p r e c i s e  mass 
m easurem ent and d e t e r m i n a t i o n  o f  t h e i r  im m ediate  p r e c u r s o r s  from 
o b s e r v a t i o n  o f  m e t a s t a b l e  io n s  l e d  t o  t h e  f o rm a t io n  o f  a  p a t t e r n  
by w hich t h e  m o le c u la r  io n s  f r a g m e n t .  The f r a g m e n ta t io n  p a t t e r n s  
o f  t h e  p h e n y lb o r o n a te s  o f  d i o l s  were found  to  be s i m i l a r  and w i l l  
be compared i n  t h e  n e x t  c h a p t e r .
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I I I  E l e c t r o n  Im pact Induced  F ra g m e n ta t io n  o f  PhenylTporonates o f  D i o l s . 
The mass s p e c t r a  o f  a  s e r i e s  o f  p h e n y lh o ro n a te s  o f  known 
s t r u c t u r e  were s t u d i e d  i n  an  a t t e m p t  t o  e l u c i d a t e  th e  m ajo r  
f r a g m e n t a t i o n  p a th w ay s .  The s e r i e s  was oommenced w i th  th e  
p a r e n t  oompound, p h e n y lh o ro n ic  a n h y d r id e  ( l ) ,  t h e  spectrum  o f
32w hich  h a s  s in c e  been  p u b l i s h e d
The most abundan t  io n  i n  t h e  spec trum  (b ase  peak) o c c u rs  a t
t h e  m o le c u la r  w e ig h t  ™^e 312; hence  th e  p re s e n c e  o f  a n h y d r id e  as
an im p u r i ty  i n  an  e s t e r  may be d i s c o v e r e d  e a s i l y .  The low
abundance o f  f ra g m en t  io n s  r e f l e o t s  t h e  s t a b i l i t y  o f  i t s  c y c l i c  
53b o ro n a te  s t r u c t u r e  , and th e  g r e a t  s t r e n g t h  o f  t h e  B -pheny l  bond.
2 , R^ = H, Rg = H, R^ = H, = H
3 H H H CH
4 CH H H CH
4A CH D D CH
5 CH3 CH3 CH3 CH
R.
R,
R-
R
- 0 /
:B-Ph
6 , R^ = H, Rg = H, H3 = H , R^ = H
7 H H H CH
8 CH H H CH
9 H CH3 CH H
10
i - P h
E i g .  I I I - l
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The s p e c t r a  o f  p h e n y lb o ro n a te s  o f  a  s e r i e s  o f  d i o l s  
( 2-IO )  shown i n  P i g .  I I I - l  were o b t a i n e d .  Three  f r a g m e n ta t io n  
p r o c e s s e s  common t o  p h e n y lb o r o n a te s  o f  a l l  t h e  d i o l s  which were 
s t u d i e d  a r e  t h e  f o l l o w i n g : -  
A: F i s s i o n  o f  e x o c y c l i c  C-C bonds ,
B: R earrangem ent f o l lo w e d  by f o rm a t io n  o f  h y d ro ca rb o n  i o n s ,
C: E l im in a t io n  o f  0x 0 m o le c u le s .
These p r o c e s s e s  a r e  shown i n  F i g .  I I I - 2  f o r  p r o p a n e - 1 ,2 - d i o l  
p h e n y lb o ro n a t  o ( 3 ) •
A.
147
CH.
-Ph
y
-CH3
-0
=0
\
/
B-Ph
B.
CH.
\ 3-P h
y
C7H7+
c .
132
y
-P h
+ •
CH.
-HgCO
CgH 0 BPh
F i g .  I I I - 2
The t h r e e  p r o c e s s e s  r e p r e s e n t  t h e  i n i t i a l  manner i n  w hich th e  
m a j o r i t y  o f  m o le c u le s  b re a k  up i n  t h e  " io n  s o u rc e "  a f t e r  i o n i s a t i o n ,
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A r a t i o n a l i s a t i o n  o f  t h e  bond c le a v a g e s  in v o lv e d  i s  most 
c o n v e n ie n t l y  e f f e c t e d  by assum ing  p r e f e r e n t i a l  l o o a l i s a t i o n  
o f  c h a rg e  a t  s p e c i f i c  s i t e s  i n  th e  m o le c u la r  io n ,  and i n  
f rag m en t  i o n s  u n d e rg o in g  f u r t h e r  d e o o m p o s i t io n .  The l o c a l i s e d  
c h a rg e d  o r  r a d i c a l  s i t e  i s  t h e n  c o n s id e r e d  t o  t r i g g e r  f r a g m e n ta t io n  
and e l e c t r o n  b o o k -k e e p in g  i s  e f f e c t e d  by u s i n g  " f i s h  hooks" 
t o  d e s c r i b e  one e l e c t r o n  s h i f t s .
T h is  i s  n o t  t o  im ply  t h a t  t h e  p o s i t i v e  c h a rg e  i s  l o c a l i s e d  
t o t a l l y  on one atom , n o r  i s  t h e  c o n c e p t  o f  t r i g g e r i n g  n e c e s s a r y  
t o  e x p l a i n  t h e  phenomenon o f  f r a g m e n t a t i o n .  I n  f a c t ,  t h e  
e l e c t r o n  d e f i c i e n c y  i n  t h e  io n  makes i t s e l f  f e l t  o v e r  a l l  bonds 
l e a d i n g  t o  changes  i n  bond s t r e n g t h s ,  and p ro d u c t  s t a b i l i t y  a l s o  
d e te r m in e s  t h e  c o u rs e  o f  t h e  d e c o m p o s i t io n .
The r e a l  s i g n i f i c a n c e  o f  t h e  l o c a l i s e d  c h a rg e  c o n c e p t  becomes 
e v id e n t  o n ly  when one c o n s i d e r s  t h e  most im p o r ta n t  a s p e c t  o f  
r a t i o n a l i s i n g  e l e c t r o n  im pact in d u ce d  f r a g m e n ta t io n ,  namely th e  
a b i l i t y  t o  p r e d i c t  w hich  bonds a r e  most l i k e l y  t o  b re a k  i n  a  
g iv e n  m o le c u le .  ' The m o le c u la r  io n  i s ,  by d e f i n i t i o n ,  an o d d - e l e c t r o n  
s p e c i e s  ( i o n  r a d i c a l )  and , a s  he.s a l r e a d y  been  em phasised  by M cL affe rty^^ , 
e v e n - e l e c t r o n  io n s  a r e  f r e q u e n t l y  f a v o u re d  e n e r g e t i c a l l y  o v e r  t h e i r  
o d d - e l e c t r o n  c o u n t e r p a r t s .  Hence we may assume t h a t  a  r e a c t i o n  
o f  r e l a t i v e l y  low a c t i v a t i o n  e n e rg y  i s  a s s o c i a t e d  w i th  p a i r i n g  th e  
e l e c t r o n  a t  t h e  r a d i c a l  s i t e .  I n  t h e  absence  o f  e x p e r im e n ta l  
e v id e n c e  abou t  th e  n a t u r e  o f  t h e  bond c le a v a g e s ,  i t  i s  assumed t h a t  
t h e y  a r e  o f  h o m o ly t ic  c h a r a c t e r .  The methods o f  s a t i s f y i n g  th e  
e l e c t r o n  d e f i c i e n c y  i n  t h e  m o le c u la r  io n  a r e  t h u s  h o m o ly s is  o f  th e  
a d j a c e n t  l in k a g e  t o  p roduce  a  doub le  bond.
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+ ' +
-cky-x  ------5^  -c* + c=x
o r  r e a c t i o n  w i th  a n o th e r  r a d i c a l  (Y*) t o  form a  new bond.
S in c e  io n  m o le c u le  r e a c t i o n s  a r e  r a r e ,  Y must be a t t a c h e d  t o
t h e  o r i g i n a l  m o le c u le  and  Y-would have t o  be g e n e r a te d  by ho m o ly t ic
f i s s i o n .  Most f r e q u e n t l y  Y i s  a  hydrogen  atom s i t u a t e d  w i t h in
an  o p t im a l  d i s t a n c e  from  t h e  e l e c t r o n  d e f i c i e n t  c e n t r e .
+  * +
^ C - C - X  /-C -C -X -Y
Both  t h e s e  m ethods a r e  u se d  i n  t h e  t h r e e  p r o c e s s e s  A,B and C 
t o  s a t i s f y  t h e  e l e c t r o n  d e f i c i e n c y  o f  t h e  m o le c u la r  io n  o f  p h e n y l­
b o r o n a t e s  o f  d i o l s .
I I I - A .  F i s s i o n  o f  e x o c y c l i c  C-C b o n d s .
The m o le c u la r  ion(M^)may lo s e  an e x o c y c l i c  m eth y l  g roup , a s  a  
m e th y l  r a d i c a l ,  from a  p o s i t i o n  a  t o  an oxygen atom by c le a v a g e  o f  
a  C-C bond p ro d u c in g  a  r e s o n a n c e  s t a b i l i s e d  oxonium io n .  In  a l l  
c a s e s ,  a  m e t a s t a b l e  io n  i s  form ed by t h i s  p r o c e s s .  F o r  exam ple, 
t h e  m o le c u la r  io n  o f  p r o p a n e - 1 ,2 - d i o l  p h e n y lb o ro n a te  ( 3 ) form s an 
oxonium i o n  I ,  147» CgHgBO^, t o g e t h e r  w i th  a  m e ta s ta b le  io n
133 .4  ( F ig .  I I I - 3 ) .  F o rm a t io n  o f  an  oxonium io n  i s  t h e  d r i v i n g
f o r c e  f o r  t h i s  r e a c t i o n .  Thus 2 , 2 - d i m e t h y l p r o p a n e - l , 3 - d i o l  
p h e n y lb o ro n a te  ( 9 ) does n o t  form  an a p p r e c i a b l e  M-CH^ io n ,  ( s e e  Table  
I I I - l ) .  The oxonium io n s  a r e  s t a b l e ;  o f t e n  t h e i r  p r o d u c t io n  
i s  t h e  dom inant r e a c t i o n  and t h e y  a r e  t h e  b a se  peak o f  t h e  sp ec tru m .
They o f t e n  become d o ub ly  c h a rg e d  and g iv e  r i s e  t o  peaks  a t  h a l f
i n t e g r a l  mass v a l u e s ,  f o r  example ^^e  73 .5  i n  t h e  spec trum  o f  (3)
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mA I I I ,  (E = H ), 91
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-ECHO ^  [CgH^OBPh] PhBof C^E +6 5
V, ^ / e  132 V I, ”^ 4  104 V I I ,  77
-CH CHO
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[CH^OBPh]^ 
V I I I ,  e 118 I I I ,  “ 4  91
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Mass nimbeDs r e f e r  t o  ^ 4  i s o t o p e  o n ly ,
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T a b le  I I I - l .  P r i n c i p a l  peaks  i n  th e  mass s p e c t r a  o f  p h e n y lb o ro n a te s  
o f  d i o l s .
Abundances o f  io n s  { f o X  2^ ) ^
S s te r M"*" (M-CHg)^ CgH6B0+ C.H^BO' 6 5
2 3 1 .7 — 0 .5 1 .1
3 1 5 .1 2 5 .1 5 .8 5 .0
4 1 3 .4 2 1 .0 14 .4 10 .4
5 9 .5 1 2 .8 2 6 .7 3 .3
6 2 7 .9 - 8 .0 3 6 .0
7 1 8 .8 13 .6 13 .3 2 0 .5
8 1 6 .8 1 0 .2 2 9 .4 0 .4
9 1 2 .2 0 .0 9 .5 2 .7
10 2 2 .6 — 3 2 .4 5 .3
■f sum o f  a l l  i s o t o p i c  s p e c i e s
and ”^ 4  8 0 .5  i n  t h e  s p e c t r a  o f  (4 ) and ( ? ) .
I n  g e n e r a l ,  e s t e r s  h a v in g  o n ly  hyd rogen  atom s u b s t i t u e n t s  
form  th e  most abundan t m o le c u la r  i o n s  a s  rem oval o f  a  hydrogen  
r a d i c a l  t o  p roduce  an oxonium io n  i s  an  e n e r g e t i c a l l y  u n f a v o u ra b le  
p r o c e s s ,  e . g . ( 2 ) ,  (6 )  and ( lO ) .  The s p e c t r a  hence  a p p e a r  more 
s im p le ,  ( s e e  a p p e n d ix ) .
E xcep t i n  t h e  c a s e  o f  p i n a c o l  p h e n y lb o ro n a te  ( 5 ) ,  t h e  oxonium 
io n s  r e a r r a n g e  and decompose t o  g iv e  h y d ro ca rb o n  i o n s .  An example 
i s  t h e  io n  I I ,  ^ 4  I 6 I ,  ( P ig .  I I I - 3 )  p roduced  from
b u ta n e  - 2 , 3 - d i o l  p h e n y lb o ro n a te  (4 ) which form s IV, ^ 4  IO5 , CgH^.
I n  t h e  mass sp ec tru m  o f  t h e  d e u t e r a t e d  a n a logue  2 , 3 - d ^ - l ^ u t a n e - 2 ,3 - d io l  
p h e n y lb o ro n a te  (4A ), t h e  oxonium io n  a p p e a rs  a t  ^ 4  I 6 3 , C^HgB^BO^,
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w h i le  t h e  h y d ro c a rb o n  io n  i n c o r p o r a t e s  one d e u te r in m  atom and 
/ / 
a p p e a r s  a t  ^^e  106, CgHgD. S i m i l a r l y  t h e  oxonium io n  IX, ’^ ' e  l 6 l ,
p ro d u ce d  from b u t a n e - 1 , 3 - d i o l  p h e n y lb o ro n a te  (? )  forms
th e  h y d ro c a rb o n  io n  I I I ,  e  91» , ( F ig .  I I I - 4 ) .
R
-CH •
R
\
/
B -P h
+
B-Ph
CH.
-RCHO *  -^ 2 ^ ^  CgHOBPh —— a
IX, (E = H ) ,  "“/ e  161 XI, “ / e  131 
X, (E = C H J ,  “ 4  175
+
phbSh
X I I ,  ^ / e  105
c^HaR
I I I ,  (R = H ) ,  “ 4  91 
3^
IV, ( r  =c hJ ,  “ 4  105
F i g .  I I I - 4
PhBO
V I, ™ 4 104
Mass numbers r e f e r  t o  ^^B i s o t o p e  o n ly .
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LA m e t a s t a b l e  io n  a t  e 5 1 .4  s u p p o r t s  t h i s  re a r ra n g e m e n t  
(T a b le  I I I - 2 ) .  Thus i t  a p p e a r s  t h a t  t h e  p h e n y l  group m ig r a te s  
i n  t h e  oxonium io n  t o  t h e  c a rb o n  atom w hich s t i l l  b e a r s  i t s  
s u b s t i t u e n t .
The oxonium io n s  IX, ^ 4  I 6 I ,  and X, ”^ 4  175»
^ 10^ 12^ ^2 ' undergo  an e l i m i n a t i o n  an a lo g o u s  t o  a  R e t ro  D ie l s
A ld e r  f r a g m e n t a t i o n  t o  e l i m i n a t e  an  a ld e h y d e  m o lecu le  g i v in g  XI, 
^ 4  131 , CgHgBO, e v id e n c e d  by a  m e t a s t a b l e  io n  a t ^ 4  IO6 .6  in  
t h e  sp ec tru m  o f  ( 7 )* Io n  XI e l i m i n a t e s  a c e t y l e n e ,  by  m ig r a t io n
mAo f  a  hyd rogen  atom , t o  g iv e  X I I ,  '  e  IO5 , CgH^BO, p ro d u c in g  a 
m e t a s t a b l e  io n  a t  ^ 4  8 4 .2  i it  t h e  s p e c t r a  o f  b o th  ( 7 ) and ( 8 ) ,
The oxonium io n  w hich  i s  form ed from  p i n a c o l  p h e n y lb o ro n a te  ( 5 ) 
by  rem ova l  o f  a  m e th y l  r a d i c a l  ( m e ta s t a b l e  io n  ^ 4  175»l )  e l i m i n a t e s  
CgH^BU and fo rm s an  io n  XHL, ^ 4  8 5 , C^H^O^(Fig. I I I - 5 ) .  T h is  
p r o c e s s  p ro d u c e s  a  m e t a s t a b l e  io n  a t  ^ 4  3 8 .2 .  By p e r fo rm in g  
d e f o c u s s in g  e x p e r im e n t s ,  i t  was e s t a b l i s h e d  t h a t  t h e  d e c o m p o s i t io n  
o f  X I I I  by e l i m i n a t i o n  o f  c a rb o n  monoxide t o  g iv e  t h e  h y d ro ca rb o n
io n  XIV, e 57» C^H^, a l s o  p roduced  a  m e t a s t a b l e  io n  a t  e 3 8 .2 ./ “ A
CH-
CH:
\
.0/
CH3
e 189
CH:
CH:
CH.
X I I I ,  °^ 4  85
-CO.
CH.
CH.
CH.
XIV, “ 4  57
F ig . I I I - 5
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I I I - B  H ydrocarbon  io n s  p roduced  by r e a r ra n g e m e n t  p r o c e s s e s
H ig h ly  i m s a t u r a t e d  h y d ro c a rb o n  io n s  c o n t a i n i n g  7 ,8 ,  9 a n d /o r
10 c a rb o n  atoms have been  o b s e rv e d  i n  t h e  s p e c t r a  o f  p h e n y lb o r o n a te s  
55o f  d i o l s  by  p r e c i s e  mass m easu rem en ts .  T h e i r  abundances  a r e  
sum m arised i n  T ab le  I I I - 2 .  From m e t a s t a b l e  io n s  p r e s e n t  in  
t h e  s p e c t r a ,  i t  i s  deduced  t h a t  h y d ro c a rb o n  io n s  a r i s e  from 
r e a r r a n g e m e n t s  o f
( i )  t h e  m o le c u la r  i o n s ,
( i i )  t h e  oxonium i o n s ,  
a n d ( i i i )  t h e  i o n  V I I I ,  ^^e  I I 8 , C ^^B O .
S p e c i f i c  exam ples  a r e  a s  f o l l o w s ,
( i )  The m o le c u la r  io n  o f  b u t a n e - 1 , 4 - d i o l  p h e n y lb o r o n a te  ( lO ) 
r e a r r a n g e s  t o  p roduce  XV, ^^e  IO4 , CgHg, d i r e c t l y  ( F ig .  I I I - 6 ) .
+
Î-Ph
XV, / e  104
-C^H,
X V I , 78
XVII, “ / e  146
PhB^H
X I I ,  ^ 4  105
P ig . I I I - 6
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T hat  ^ 4  104 i s  XV, CgHg, and n o t  t h e  i s o h a r i c  io n  V I, C^H^BO, 
was e s t a b l i s h e d  by p r e c i s e  mass m easurem ent and two m e t a s ta b le  
io n s  a t  ^ 4  6 1 .5  and ^ 4  6 1 .8  i n  an  abundance r a t i o  o f  4 : ] . ,
T h is  h a s  a l r e a d y  been  d i s c u s s e d  i n  th e  p r e c e d in g  c h a p t e r  f o r  
b u t a n e - 2 , 3 - d i o l  p h e n y lb o ro n a te  (4 ) .
( i i )  The oxonium io n  X, ^^4  175» ^ ic P i2 ^ ^ 2 *  P^o^^ced  from p e n ta n e -
2 , 4 - d i o l  p h e n y lb o r o n a te  (8 )  r e a r r a n g e s  and g iv e s  IV ,.  ^^4  IO5 ,
CgH^, e v id e n c e d  by two m e t a s t a b l e  i o n s  a t  ^ 4  6 3 .0  and ^^4 6 3 .4  
i n  an  abundance r a t i o  o f  4 : 1 .
( i i i )  The io n  V I I I ,  ”^ 4  I I 8 , C^H^BO, p ro d u ced  from  e t h a n e - I , 2 - d i o l  
p h e n y lb o r o n a te  by e l i m i n a t i o n  o f  fo rm a ldehyde  r e a r r a n g e s  g i v in g  
I I I ,  ^ 4  9 1 » C^H^, and a  m e t a s t a b l e  io n  a t  ^ 4  l C s - 2 .
I t  h a s  b een  s u g g e s te d  t h a t  I I I ,  ^ 4  91» i n  t h e  sp ec tru m
o f  ( 2 ) i s  t h e  t r o p y l iu m  io n  The f o r m a t io n  o f  such  a  h ig h ly
s t a b l e  s p e c i e s  would  e x p l a i n  t h e  u n u s u a l  c le a v a g e  o f  t h e  s t r o n g  B- 
p h e n y l  bond . I t  h a s  a l s o  been  s u g g e s te d ^ ^  t h a t  t h e  d i s t r i b u t i o n  
o f  h y d ro c a rb o n  f r a g m e n ts  a t  low mass i n d i c a t e s  t h a t  I I I  i s  t h e  
t r o p y l iu m  i o n .  I n  p a r t i c u l a r  ^ 4  6 5 , a t t r i b u t e d  t o  t h e  c y c lo p e n t -  
a d i e n y l  c a t i o n  o r  more l i k e l y  an  a c y c l i c  iso m e r^ ^ * ^ ^ ,  i s  p roduced  
by  e l i m i n a t i o n  o f  a c e t y l e n e  and g iv e s  r i s e  t o  a  m e t a s t a b l e  io n  a t  
° ^ 4  4 6 . 4 . However, t h e  s t r u c t u r e  o f  I I I  may o n ly  be d e c id e d  by 
a p p e a ra n c e  p o t e n t i a l  m easu rem en ts .
A mechanism h a s  been  p ro p o se d ^ ^  r e c e n t l y  f o r  t h e  f o r m a t io n  o f  t h e  
t r o p y l iu m  io n  from  e t h a n e - 1 , 2 - d i o l  p h e n y lb o ro n a te  ( 2 ) and p ro p a n e -  
1 , 3 - d i o l  p h e n y lb o ro n a te  ( 6 ) .  T h is  i n v o lv e s  cc-cleavage i n  t h e  
m o le c u la r  io n  and  a t t a c k  a t  t h e  o r th o  p o s i t i o n  o f  t h e  a ro m a t ic  r i n g  
by  a  c a t i o n i c  s i t e  mechanism i n  t h e  r e s u l t a n t  oxonium io n  ( F ig ,  I I I - 7 ) .  
E x te n s io n  o f  t h i s  p r o p o s a l  t o  t h e  c a s e s  o f  b u t a n e - 2 , 3 - d i o l  p h e n y lb o ro n a te
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9(4 )  and p e n t a n e - 2 ,4 “ d i o l  p h e n y lb o ro n a te  (8 )  would p r e d i c t  
r e a r ra n g e m e n t  o f  t h e  m o le c u la r  io n s  t o  g iv e  ^^e  10$, CgH^, d i r e c t l y  
( F ig .  I I I - 8 ) .  The p a r e n t  io n s  o f  IV, 105, CgH^, a r e  d i f f i c u l t  
t o  d e te rm in e  due t o  t h e  p r e s e n c e  o f  an  i s o h a r i c  io n  CgH^BO b u t  
m e t a s t a b l e  i o n s  i n d i c a t e  t h a t  t h e s e  a r e  th e  oxonium io n s  I I ,  e  I 6 l ,  
and X, ^^e  175» ^ iq ^ I2 ^ ^ 2 *  mechanism h a s  been  pu t
fo rw a rd  f o r  t h e  f o rm a t io n  o f  XV, 104» CgHg. In d ee d  i t s  
s t r u c t u r e  i s  unknown. Thus, th e  a u th o r  h a s  been  u n a b le  t o  p ro v id e  
e v id e n c e  t h a t  t h e  mechanism o f  F ig .  I I I - 7  i s  a  g e n e r a l  one . I t  
m igh t in d e e d  be d o u b t f u l  w h e th e r  I I I ,  i s  p roduced  from  (2)
and (6 )  by t h i s  m echanism. Such h y d ro c a rb o n  io n s  have  a l s o  been  
o b s e rv e d  i n  t h e  sp e c tru m  o f  a  b o r a t e  e s t e r ^ ^ .  The compound 4 » 8 -  
d i m e t h y I - 2 - p h e n o x y - l , 3 , 2 - d io x a b o r in a n  was found  t o  p roduce  h y d ro ca rb o n  
i o n s  o f  fo rm u la  , CgHg, and CgH^ on e l e c t r o n  im p a c t .  R e c e n t ly ,  
i t  h a s  been  d i s c o v e r e d  t h a t  t r o p y l iu m  io n s  o c c u r  a l s o  i n  t h e  mass 
s p e c t r a  o f  a c y c l i c  e s t e r s  o f  p h e n y lb o ro n ic  a c id ^ ^ .
I I I - C . E l i m i n a t i o n  o f  oxo m o le c u le s .
A m o le c u le  c o n t a i n i n g  a  c a rb o n y l  f u n c t i o n  i s  e l i m i n a t e d  from th e  
m o le c u la r  io n  by c le a v a g e  o f  two bonds o f  t h e  b o r o n a te  r i n g .  I n  
t h e  c a se  o f  p r o p a n e - I , 2 - d i o I  p h e n y lb o ro n a te  ( 3 ) ,  fo rm aldehyde  i s  
e l i m i n a t e d  fo rm in g  V, ^^e  132, CgH^BO, which i s  a l s o  form ed from  (4 ) 
by e l i m i n a t i o n  o f  a c e ta ld e h y d e  ( P ig .  I I I - 3 ) .  A ce ta ld e h y d e  may a l s o  
be e l i m i n a t e d  from ( 3 ) t o  form V I I I ,  '^'^e I I 8 , C^H^BO, w hich may be 
form ed from ( 2 ) by  e l i m i n a t i o n  o f  fo rm a ld e h y d e .  The io n  V I I I  
r e a r r a n g e s  t o  I I I ,  ’^ '^e 91, C^H^. E l im in a t io n  o f  e th y l e n e  from V,
“ / e  132 , CpH^BO, t o  form  VI,g  '  e  IO4 , CgH^BO, p ro d u c e s  a  m e t a s ta b le  
io n  a t  8 I . 9 . D ecom posit ion  o f  VI o c c u rs  g i v i n g  a  p h e n y l  io n
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V I I ,  77» C , and  a  m e t a s t a b l e  io n  a t  ^^e  5 7 «0.
Absence o f  f r a g m e n ts  M-104 and  a bsence  o f  m e t a s t a b l e  i o n s  a t
mass v a lu e s  104^ /k  s u g g e s t  t h a t  VI i s  n o t  p roduced  d i r e c t l y  from
t h e  m o le c u la r  io n  o f  f ive -m em bered  b o r o n a t e  r i n g s .  T h is  would
seem t o  im ply  t h a t  ep o x id e  m o le c u le s  a r e  n o t  fo rm ed , i n  k e e p in g
w i th  s i m i l a r  o b s e r v a t i o n s  on t h e  mass s p e c t r a  o f  c y c l i c  s u l p h i t e s
and  c a r b o n a te s ^ ^ .  However io is  M-104 o f  fo rm u la  have been
57fo u n d  i n  h ig h  abundance  i n  t h e  s p e c t r a  o f  d i t h i o b o r o l a n e  ,
a c e to n e  fo rm in g  an io n  ^'^e I 4 6 , C^H^^BO, T h is  i s  p r o b a b ly  n o t
The m o le c u la r  io n  o f  p i n a c o l  p h e n y lb o r o n a te  ( 5 ) e l i m i n a t e s
Cc
o f  t h e  same s t r u c t u r e  a s  XVII, ^^e  I 4 6 , C^H^^BO ( P ig .  I I I - 6 ) form ed 
from  t h e  m o le c u la r  io n  o f  ( lO ) by e l i m i n a t i o n  o f  fo rm a ld e h y d e ,  s in c e  
XVII r e a r r a n g e s  t o  p roduce  X I I ,  e  IO5 , CgH^BO and a  m e t a s t a b l e  
io n  a t  ®/e 7 5 . 5 .
I I I - D .  Double e l i m i n a t i o n  — a  f r a g m e n t a t i o n  e x c lu s i v e  t o  a  s ix-m em bered  
b o r o n a t e  r i n g  .
I n  c o n t r a s t  t o  t h e  f i v e -  and  seven-m em bered b o r o n a te  r i n g s ,  
m e t a s t a b l e  i o n s  o c c u r  i n  t h e  s p e c t r a  o f  a l l  t h e  1 , 3- d i o l  p h e n y lb o r o n a te s  
s t u d i e d ,  w hich  i n d i c a t e  t h a t  V I, ^^e  IO4 , CgH^BO, i s  p ro d u ced  
d i r e c t l y  from  t h e  m o le c u la r  i o n .  T h is  f r a g m e n t a t i o n  h a s  been  
i n t e r p r e t e d  i n  t h e  c a s e  o f  p r o p a n e - I , 3 - d i o l  p h e n y lb o ro n a te  as  
p r o c e e d in g  by e l i m i n a t i o n  o f  t r i m e t h y l e n e  o x id e  from  t h e  m o le c u la r  
io n ^ ^  b u t  i t  i s  more l i k e l y  t o  p ro c e e d  by a  doub le  e l i m i n a t i o n .
, Such an  e l i m i n a t i o n  h a s  been  o b s e rv e d  t o  o c c u r  i n  t h e  mass spec trum  
o f  t o l u e n e ^ ^ .  T h is  p r o c e s s  i s  shown i n  P i g .  I I I - 4  f o r  compounds 
( 7 ) and ( 8 ) .
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E v id e n ce  f o r  t h e  douh le  e l i m i n a t i o n  i s  q u i t e  s u b s t a n t i a l . 
P r o p a n e - 1 ,3 - d i o l  p h e n y lb o ro n a te  (6 )  p ro d u c e s  a  m e t a s ta b le  io n  a t  
^ ^ e  1 07 .6  c o r r e s p o n d in g  t o  t h e  m o le c u la r  io n  e l i m i n a t i n g  
fo rm a ldehyde  t o  form  V, ^^e  132, CgH BO, ( P ig .  I I I - 9 ) .  A no ther  
m e t a s t a b l e  io n  a t  e  8 1 ,9  c o r r e s p o n d s  t o  V s u b s e q u e n t ly  e l i m i n a t i n g  
e th y l e n e  t o  form  V I, IO4 , C^H^BOo A t h i r d  m e t a s t a b l e  io n  a t  
^^ e  6 6 .8  c o r r e s p o n d s  t o  t h e  m o le c u la r  io n  p ro d u c in g  VI d i r e c t l y .  
Hence t h i s  p r o c e s s  c o r r e s p o n d s  t o  t h e  doub le  e l i m i n a t i o n  o f  
fo rm a ldehyde  and e t h y l e n e .
B-Ph
H.CO
PhBO
^ / e  132
V I, °^/e 104
-C2%4
F i g .  I I I - 9
When t h e  b o r o n a te  r i n g  becomes more h i g h l y  s u b s t i t u t e d  a s  i n  
2 , 2 - d im e t h y l p r o p a n e - I , 3 - d i o l  p h e n y lb o r o n a te  ( 9 ) ,  t h e  i o n i s a t i o n  
p o t e n t i a l  o f  t h e  o l e f i n  w hich  i s  p ro d u ce d  i s  r e d u c e d  t o  
a p p ro x im a te ly  e q u a l  t h a t  o f  V I, ™^e IO4 , and b o th  f ra g m e n ts  a p p e a r  
i n  t h e  s p e c t ru m . T h is  i s  e q u i v a l e n t  t o  d e l o c a l i s a t i o n  o f  t h e  
p o s i t i v e  c h a rg e  o v e r  t h e  whole m o le c u le ,  ( F ig .  I l l —1 0 ) .  The ions 
VI, e 104 , C^H^BO, and X V III ,  “ ^e  5 6 , C^Hg, (b a se  peak)  were 
b o th  fo u n d  by d e f o c u s s in g  e x p e r im e n ts  t o  be p ro d u ce d  d i r e c t l y  from
m
t h e  m o le c u la r  i o n .  O th e r  m e t a s t a b l e  i o n s  were r e c o r d e d  a t  e 1 3 4 .7 ,L
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form ed when t h e  m o le c u la r  io n  e l i m i n a t e s  fo rm a ld e h y d e ,  and 
^'^e 56*9 c o r r e s p o n d in g  t o  t h e  f o rm a t io n  o f  VI, IO4 , The 
o c c u r r e n c e  o f  a  f r a g m e n t a t i o n  e x c l u s i v e  t o  s ix-m em bered  b o ro n a te  
r i n g s  h a s  t h u s  been  e s t a b l i s h e d .
MegCCHg 
X V I I I ,^ / e  56
+ PhBO + H CO
PhBÔ'
V I, e 104
+ CHgO + Me^CCH,
B-Ph ->• PhBÙ
V I, 104
+ CHgO + Me^GCH
F i g .  I I I - I O
I t  now re m a in s  f o r  t h e  g e n e r a l  f r a g m e n t a t i o n  p a t t e r n  w hich  h a s  
been  u n c o v e re d  t o  be a p p l i e d  t o  t h e  p rob lem  o f  i n t e r p r e t i n g  th e  
s p e c t r a  o f  p h e n y lb o r o n a te s  whose s t r u c t u r e s  a r e  am biguous. The 
p h e n y lb o r o n a te  o f  an  a c y c l i c  t r i h y d r i c  a l c o h o l  may a t  most have 
t h r e e  d i f f e r e n t  s t r u c t u r e s .  The c o r r e c t  s t r u c t u r e  may be 
im m e d ia te ly  o b v io u s  from  i t s  mass s p e c t ru m .
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IV S y n th e s i s  and S t r u c t u r e  o f  P h e n y lb o ro n a te s  o f  T r i o l s .
S t r u c t u r e s  o f  p h e n y lb o r o n a te s  d e r iv e d  from o n ly  two u n s u b s t i t u t e d
33a c y c l i c  p o l y o l s  a r e  known w i th  c e r t a i n t y ,  a l th o u g h  more t h a n  a
dozen have  been  p r e p a r e d .  T h is  i s  b e c au se  a  r e l i a b l e  method has
n o t  y e t  been  d e v e lo p e d  f o r  d e te r m in in g  th e  s t r u c t u r e s  o f  b i -  and
t r i c y c l i c  e s t e r s .  P h e n y lb o ro n a te s  o f  a c y c l i c  t r i h y d r i c  a l c o h o l s
o b v i a t e  t h i s  p rob lem  s in c e  f o rm a t io n  and c h a r a c t e r i s a t i o n  o f  a
d e r i v a t i v e  i s  a lo n e  s u f f i c i e n t  t o  a s s i g n  a  r e l i a b l e  s t r u c t u r e .
W ith t h i s  v iew i n  m ind, p h e n y lb o r o n a te s  o f  t h e  two c o m m e rc ia l ly
a v a i l a b l e  t r i o l s  ( g l y c e r o l  and b u t a n e - 1 , 2 , 4 - t r i o l )  were p r e p a r e d
in  t o l u e n e .  G ly c e ro l  p h e n y lb o r o n a te  had  p r e v i o u s l y  been  p r e p a r e d
35u n d e r  d i f f e r e n t  c o n d i t i o n s
A re v ie w  o f  p r e v io u s  work shows t h a t  i n  a l l  c a s e s  e x c e p t  t h a t  o f
g a l a c t i t o l  b i s - p h e n y l b o r o n a t e ,  a  p r im a ry  h y d ro x y l  g roup  form s th e
35d e r i v a t i v e .  T h is  h a s  happened  i n  g l y c e r o l  , r i b i t o l ,  L - l y x i t o l  and
38x y l i t o l  p h e n y lb o r o n a te s  , p o s s i b l y  f o r  s t e r e o c h e m ic a l  r e a s o n s  
be c au se  a  p r im a ry  h y d ro x y l  g roup  c an  c o - o r d i n a t e  t o  bo ro n  most 
e a s i l y .  T r i o l s  w i th o u t  p r im a ry  h y d ro x y l  g roups  s h o u ld  form p h e n y l­
b o r o n a t e s  w hich  w i l l  y i e l d  i n f o r m a t io n  c o n c e r n in g  t h e  f a v o u re d  r i n g  
s i z e  f o r  f o rm a t io n  o f  t h e  e s t e r s .  H ence , t h e  s y n t n e s i s  o f  f o u r  
t r i o l s  h a v in g  t e r m i n a l  m e th y l  g roups  was u n d e r ta k e n .  These were 
L -e r y t h r o - b u t a n e - 1 , 2 , 3 - t r i o 1; r i b o - , L- a r a b i n o - , and x y lo - p e n t a n e -
2 , 3 , 4 - t r i o l s .  The p r e p a r a t i o n  o f  L - a r a b i n o - p e n t a n e - 2 , 3 , 4 - t r i o 1^^ and 
x y lo - p e n t a n e - 2 , 3 > 4 - t r i o l ^ ^  have been  p r e v i o u s l y  r e p o r t e d  b u t  by 
d i f f e r e n t  s y n t h e t i c  r o u t e s  to  th o s e  u s e d  by th e  a u t h o r .  A f t e r  t h e  
c o m p le t io n  o f  t h i s  work, t h e  s y n t h e s i s  o f  L- e r y t h r o - b u t a n e - 1 , 2 , 3 - t r i o l ^ ^  
was r e p o r t e d ,  b u t  a g a in  u s i n g  a  d i f f e r e n t  r o u t e .
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IV S y n th e s i s  and S t r u c t u r e  o f  P h e n y lb o ro n a to s  o f  T r i o l s .
S t r u c t u r e s  o f  p h e n y lb o r o n a te s  d e r iv e d  from o n ly  two u u s u b s t i t u t e d  
35a c y c l i c  p o l y o l s  a re  known w i th  c e r t a i n t y ,  a l th o u g h  more t h a n  a 
dozen have  been  p r e p a r e d .  T h is  i s  b e c au se  a  r e l i a b l e  method h a s  
n o t  y e t  been  d e v e lo p e d  f o r  d e te r m in in g  th e  s t r u c t u r e s  o f  b i -  and 
t r i c y c l i c  e s t e r s .  P h e n y lb o ro n a te s  o f  a c y c l i c  t r i h y d r i c  a l c o h o l s  
o b v i a t e  t h i s  prob lem  s in c e  fo rm a t io n  and c h a r a c t e r i s a t i o n  o f  a  
d e r i v a t i v e  i s  a lo n e  s u f f i c i e n t  t o  a s s i g n  a  r e l i a b l e  s t r u c t u r e .
W ith  t h i s  v iew  in  m ind, p h e n y lb o r o n a te s  o f  t h e  two c o m m e rc ia l ly  
a v a i l a b l e  t r i o l s  ( g l y c e r o l  and b u t a n e - 1 , 2 , 4 - t r i o l )  were p r e p a r e d  
i n  t o l u e n e .  G ly c e ro l  p h e n y lb o ro n a te  had  p r e v i o u s l y  been  p r e p a r e d  
u n d e r  d i f f e r e n t  c o n d i t i o n s ' ^ .
A re v ie w  o f  p r e v io u s  work shows t h a t  i n  a l l  c a s e s  e x c e p t  t h a t  o f  
g a l a c t i t o l  b i s - p h e n y lb o r o n a t e ,  a  p r im a ry  h y d ro x y l  g roup  form s th e  
d e r i v a t i v e .  T h is  h a s  happened  i n  g l y c e r o l ^ ^ ,  r i b i t o l ,  L - l y x i t o l  and
38x y l i t o l  p h e n y lb o r o n a te s  , p o s s i b l y  f o r  s t e r e o c h e m ic a l  r e a s o n s  
b e c au se  a  p r im a ry  h y d ro x y l  group  can  c o - o r d i n a t e  to  bo ron  most 
e a s i l y .  T r i o l s  w i th o u t  p r im a ry  h y d ro x y l  g roups  s h o u ld  form  p h e n y l­
b o r o n a t e s  w hich w i l l  y i e l d  i n f o r m a t io n  c o n c e r n in g  th e  f a v o u re d  r i n g  
s i z e  f o r  f o rm a t io n  o f  th e  e s t e r s .  H ence, th e  s y n t h e s i s  o f  f o u r  
t r i o l s  h a v in g  t e r m i n a l  m e th y l  g roups  was u n d e r ta k e n .  These were 
L- e r y t h r o - b u t a n e - 1 , 2 , 3 - t r i o l ;  r i b o - ,  L- a r a b i n o - , and x y lo - p e n t a n e -
2 , 3 , 4 - t r i o l s .  The p r e p a r a t i o n  o f  L - a r a b i n o - p e n t a n e - 2 , 3 , 4 - t r i o l ^ ^  and
65x y lo - p e n t a n e - 2 , 3 , 4 - t r i o l  ^ have been  p r e v i o u s l y  r e p o r t e d  b u t  by 
d i f f e r e n t  s y n t h e t i c  r o u t e s  t o  th o s e  u s e d  by th e  a u th o r .  A f t e r  t h e  
c o m p le t io n  o f  t h i s  work, th e  s y n t h e s i s  o f  L- e r y t h r o - b u t a n e - 1 , 2 , 3 - t r i o l ^ ^  
was r e p o r t e d ,  b u t  a g a in  u s i n g  a  d i f f e r e n t  r o u t e .
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IV-A S y n th e s i s  o f  cleoxy compounds.
F o rm a t io n  o f  t e r m i n a l  m e thy l  g roups  was a t t e m p te d  by th e  
f o l l o w i n g  methods
R e d u c t io n  o f  to lu e n e - p - s u lp h o n y lh y d r a z o n e s  
R e s u l p h u r i s a t i o n  o f  t h i o a c e t a l s  by Raney n i c k e l  
R e d u c t io n  o f  t o l u e n e - p - s u l p h o n a t e  e s t e r s .
( i )  R e d u c t io n  o f  t o lu e n e - p - s u lp h o n y lh y d r a z o n e s .
The:' d e r i v a t i v e s  o f  t o l u e n e - p -  s u lp h o n y lh y d r a z id e  can  be g rouped  
i n t o  two c a t e g o r i e s :  t h e  t o lu e n e - p - s u lp h o n y lh y d r a z o n e s  ( d e r i v a t i v e s
o f  a ld e h y d e s  and k e t o n e s :  g e n e r a l  fo rm u la  Ts-NH-N^CR^R^) and th e
s u b s t i t u t e d  t o lu e n e - p - s u lp h o n y l h y d r a z i d e s  ( a c y l ,  a r y l  o r  a l k y l -  
t o l u e n e - p -  s u lp h o n y l h y d r a z i d e s : g e n e r a l  fo rm u la  Ts -NH-NH-R).
The r e d u c t i o n  sequence  in v o lv e s  fo rm a t io n  o f  a  t o l u e n e - p -  s u lp h o n y l -  
hyd razo n e  o f  t h e  a ld e h y d e  o r  k e to n e  and r e d u c t i o n  o f  t h e  C=N doubZe 
bond t o  form an a l k y l  t o lu e n e - p - s u lp h o n y l h y d r a z i d e  a s  an  i n te r m e d ia t e  
T h is  decomposes on h e a t i n g  t o  g iv e  n i t r o g e n ,  t o l u e n e - p - s u l p h i n i c  
a c i d  and th e  h y d ro c a rb o n  d e r i v e d  from th e  a ld e h y d e  o r  k e to n e .  The 
method th u s  e f f e c t s  an  o v e r a l l  c o n v e r s io n  from  a  c a rb o n y l  f u n c t i o n  
t o  a  m eth y len e  f u n c t i o n .
The r e a c t i o n  h a s  been  employed i n  s t e r o i d  and c a rb o h y d r a te  
s y n t h e s i s ^ ^ .  I n  th e  l a t t e r  c a s e ,  1 - d e o x y - D - g lu c i to l  was p r e p a r e d  
i n  a  42^  y i e l d .  R e p e t i t i o n  o f  t h e  r e a c t i o n  u n d e r  n e a r  i d e n t i c a l  
c o n d i t i o n s  (E x p t .  5) p roduced  v a r i a b l e  y i e l d s  b u t  none h i g h e r  th a n  
t h i s  f i g u r e .  I t  was c o n s id e r e d  t h a t  a c l o s e r  e x a m in a t io n  m igh t 
improve th e  r e a c t i o n ,  i n c r e a s i n g  th e  y i e l d ,  and u l t i m a t e l y  r e n d e r  
u n n e c e s s a ry  ch rom atography  on a  c e l l u l o s e  column r e q u i r e d  t o  s e p a r a t e  
t h e  b i p r o d u c t .
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The i d e n t i t y  o f  th e  b i p r o d u c t ,  though  n o t  e s t a b l i s h e d  w i th  
c e r t a i n t y ,  i s  most p r o b a b ly  t h e  r e d u c e d  form o f  th e  s u g a r .  In  
t h e  c a se  o f  D -g lucose  t o lu e n e - p - s u lp h o n y lh y d r a z o n e ,  t h e  b ip r o d u c t  
c o u ld  n o t  be d i f f e r e n t i a t e d  from D - g l u c i t o l .
I t  i s  w e l l  known t h a t  a l k y l  t o lu e n e - p - s u lp h o n y lh y d r a z o n e s  
decompose on h e a t i n g  u n d e r  a l k a l i n e  c o n d i t i o n s  t o  y i e l d  o l e f i n s ,
69 70 71t h e  B am fo rd -S tevens  r e a c t i o n  . I t  h a s  been  d e m o n s t ra te d  ' 
t h a t  t h e  d e c o m p o s i t io n  p ro c e e d s  by f o rm a t io n  o f  a  d ia z o  compound 
w hich may undergo  e i t h e r  p r o to n  t r a n s f e r  from p r o to n  donor s o l v e n t s  
w i th  s u b s e q u e n t  c a t i o n i c  d e c o m p o s i t io n ,  o r  c a r b e n ic  d e c o m p o s i t io n  in  
a p r o t i c  s o l v e n t s .  I n  some c a s e s  i t  h a s  been  o b se rv e d  t h a t  a l c o h o l s
72a r e  form ed and a  mechanism h a s  been  p ro p o se d  f o r  t h e i r  fo rm a t io n  
from  th e  p a r e n t  h y d raz o n e s  in  th e  p r e s e n c e  o f  b a s e .  I t  was 
c o n c lu d e d  t h a t  p r o t o n a t i o n  o f  n i t r o g e n  l e d  t o  t h e  f o rm a t io n  o f  
t o l u e n e - p - s u l p h i n a t e  e s t e r s  w hich were c o n v e r te d  sm oo th ly  t o  a l c o h o l s ,  
An a p r o t i c  r e a c t i o n  m ix tu re  p r e v e n te d  fo rm a t io n  o f  t h e  a l c o h o l s .
Com parison w i th  t h e  r e q u i r e d  f o rm a t io n  o f  1 - d e o x y - D - g l u c i to l  
i n d i c a t e d  t h a t  r e d u c t i o n  o f  D -g lu co se  to lu e n e - p - s u lp h o n y lh y d r a z o n e  
was p r o b a ly  slow  and t h a t  p rem a tu re  i n c r e a s e  o f  th e  r e a c t i o n  
t e m p e r a tu r e  was c a u s i n g  d e c o m p o s i t io n  o f  t h e  s t a r t i n g  m a t e r i a l  in
72a  s i m i l a r  f a s h i o n  t o  t h a t  o b se rv e d  by W il t  e t . a l . . i n  a d d i t i o n ,  
w a te r  p r e s e n t  i n  t h e  s o lv e n t  may have c a u se d  s l i g h t  h y d r o l y s i s  o f  
D -g lu co se  to lu e n e - p - s u lp h o n y lh y d r a z o n e  fo rm in g  D -g lu co se  w hich would 
be r e d u c e d  r a p i d l y  t o  D - g l u c i t o l  d i s p l a c i n g  th e  e q u i l i b r i u m  f u r t h e r .
The l a s t  m en tio n ed  p o s s i b i l i t y  was s im p ly  overcome by f r e e i n g  
th e  s o l v e n t ,  m e th a n o l ,  o f  w a te r .  Change o f  s o lv e n t  t o  an a p r o t i c  
sy s te m , u s e d  by W il t  e t . a l . t o  p r e v e n t  fo rm a t io n  o f  a l c o h o l s ,  would
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have  r e n d e r e d  t h e  s t a r t i n g  m a t e r i a l  t o t a l l y  i n s o l u b l e .  In  any 
c a s e ,  D -g lu co se  to lu e n e - p - s u lp h o n y lh y d r a z o n e  was i t s e l f  a  s o u rc e  
o f  p r o t o n s .  P o ta ss iu m  b o r o h y d r id e  r e a c t s  s lo w ly  w i th  m ethano l  
h ence  a  l a r g e  e x c e s s  (7 m o les )  was r e q u i r e d  t o  e f f e c t  com ple te  
r e d u c t i o n  o f  t h e  hyd razone  o v e r  a  lo n g  p e r i o d .  B o i l i n g  o f  t h e  
r e a c t i o n  m ix tu re  was d e la y e d  f o r  48  h o u r s  t o  e f f e c t  com p le te  
r e d u c t i o n  a t  am bien t t e m p e r a t u r e .  P o ta ss iu m  b o r o h y d r id e  was 
added  s lo w ly  th ro u g h o u t  t h i s  p e r i o d .  D ecom posit ion  o f  th e  
t o l u e n e - p - s u lp h o n y l h y d r a z i d e  by b o i l i n g  and work up o f  t h e  r e a c t i o n  
m ix tu re  i n  t h e  p r e v io u s  manner c o n s i s t e n t l y  y i e l d e d  85^  c o n v e r s io n  
t o  1 - d e o x y - D - g l u c i to l  (E x p t .  6 ) .  S i m i l a r  s u c c e s s  was a c h ie v e d  
i n  im p ro v in g  t h e  p r e p a r a t i o n  o f  1 -deoxy -D -xy1i 1 0 1 (E x p t .  8 ) ,
The p r e p a r a t i o n  o f  1 - d e o x y - D - g l u c i to l  was t h e  f i r s t  s t e p  i n  th e  
s y n t h e s i s  o f  x y l o - p e n t a n e - 2 , 3 , 4 - t r i o l  by  a  s e r i e s  o f  r e a c t i o n s  
( F i g .  I V - l )  i n v o lv i n g  th e  i n t e r m e d i a t e s  l - d e o x y - 2 ,4 - 0 - b u t y l i d e n e -  
D - g l u c i t o l  (E x p t .  9)> w hich  upon o x i d a t i o n  w i th  sodium periodate  
y i e l d e d  2 ,4 - 0 - b u t y l i d e n e - 5 - d e o x y - L - x y lo s e .  On h y d r o l y s i s ,  5-d-eo^y- 
L - x y lo s e  (E x p t .  lO) was p roduced  a s  a  sy ru p  from  w hich a  t o l u e n e - p -  
s u lp h o n y lh y d ra z o n e  was p r e p a r e d  (E x p t .  l l ) .  However, r e d u c t i o n  o f  
t h i s  d e r i v a t i v e  w i th  p o ta s s iu m  b o r o h y d r id e  p roduced  5 -d e o x y -L -x y lo s e ,
1 -de  oxy-D -xy1i  10 1 and t r a c e  amounts o f  a  t r i o l  (E x p t .  1 2 ) .
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-----OH
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F ig .  IV-1
A p o s s i b l e  e x p l a n a t i o n  o f  t h i s  o b tu se  b e h a v io u r  may in v o lv e  
an e q u i l i b r i u m  be tw een  f u r a n o i d  and a c y c l i c  form s o f  5-d.eoxy-L- 
x y lo s e  to lu e n e - p - s u lp h o n y lh y d r a z o n e .  The e q u i l i b r i u m  may l i e  
w e l l  i n  f a v o u r  o f  t h e  f u r a n o i d  form w hich  would n o t  be re d u c e d .
T h is  p r o p o s a l  would r e q u i r e  t h a t  o t h e r  to lu e n e - p - s u lp h o n y lh y d r a z o n e s  
d e r i v e d  from p e n to s e s  and h e x o ses  e x i s t  i n  a  p y ra n o id  r i n g  form 
and t h a t  t h i s  i s  c o n v e r t i b l e  t o  t h e  a c y c l i c  form , i l l u s t r a t e d  in  
F ig .  IV-2 f o r  D - r ib o s e  t o lu e n e - p - s u lp h o n y l h y d r a z o n e .
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P i g .  IV-2
( i i )  R e d u c t iv e  d e s u l p h u r i s a t i o n  o f  d i a l k y I d i t h i o a c e t a l s  w i th  Raney 
n i c k e l .
R e d u c t iv e  d e s u l p h u r i s a t i o n  o f  a ld o s e  d i a l k y l d i t h i o a c e t a l s ^ ^ ' ^ ^ ' ^ ^  
u s i n g  an  e x c e s s  o f  Raney n i c k e l  c a t a l y s t  p r o v id e s  a  s im p le  method o f  
p r e p a r i n g  1 -deoxy  s u g a r  a l c o h o l s  ( P ig .  I V - 3 ) .  I n  a
H-C(S A lk y l ) CH
3
R R
P i g .  IV-3 
76re v ie w ,  P l e t c h e r  and  R ich tm yer  q u e s t io n e d  th e  v a lu e  o f  u s i n g
a s  h ig h  c a t a l y s t  r a t i o s  a s  have been  r e p o r t e d  i n  th e  l i t e r a t u r e .
They t a b u l a t e  exam ples  o f  r a t i o s  from  1 t o  15 :1  (g .  o f  Raney
n i c k e l  c a t a l y s t  t o  g . o f  t h i o a c e t a l  d e r i v a t i v e ) .  G e n e r a l ly ,  th e
y i e l d  o f  1 -d e o x y - p o ly o l  v a r i e d  i n v e r s e l y  w i th  th e  c a t a l y s t  r a t i o .
The d e c r e a s e  i n  y i e l d  was p r o b a b ly  due t o  a d s o r p t i o n  o f  p roduct-  on
th e  c a t a l y s t .  Too low a  r a t i o ,  how ever, r e s u l t s  i n  in co m p le te
77r e d u c t i o n  and f o r m a t io n  o f  1 - d e o x y - 1 - S - a lk y 1 p o l y o l s
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C o n v e rs io n  o f  5 -d e o x y -L -a ra 'b in o se  d i e t h y l d i t h i o a c e t a l  t o  
L -a ra 'b in o - p e n t a n e - 2 , 3 , 4- t r i o l  was e f f e c t e d  s u c c e s s f u l l y  by 
r e d u c t i v e  d e s u l p h u r i s a t i o n ^ ^  ( F ig .  IV -4 ) (E x p t .  I 9 ) .
HO-
HO-
CH(SEt),
-OH
CH.
HO-
HO-
CH
h-^OH
CH.
F i g .  IV-4
S i m i l a r  t r e a tm e n t  o f  D - e r y th r o s e  d i e t h y l d i t h i o a c e t a l  (E x p t .  2 l )  
c a u s e d  f o rm a t io n  o f  a  s m a l l  amount o f  a  d i o l  i n  a d d i t i o n  t o  t h e  
e x p e c te d  p ro d u c t  L - e r y t h r o - b u t a n e - 1 , 2 , 3 - t r i o l  ( F ig .  IV -5 ) .
CH(SEt), 
— OH 
— OH 
— OH
CH 
-O H  
—OH 
L—OH
F ig .  IV-5
E p i m é r i s a t i o n  a t  C2 o c c u r r e d  t o  a  s m a l l  e x t e n t  when 2 , 3 , 4 - t r i - O -  
a c e t y l - 5 - d e o x y - L - x y lo s e  d i e t h y l d i t h i o a c e t a l  was t r e a t e d  w i th  Raney 
n i c k e l  ( E x p t .  2 2 ) .  The d e s i r e d  x y l o - p e n t a n e - 2 , 3 , 4 - t r i o l  was t h u s  
c o n ta m in a te d  w i th  a  s m a l l  amount o f  L - a r a b i n o - p e n t a n e - 2 , 3 , 4 - t r i o l , th e  
amount i n c r e a s i n g  w i th  t im e  s p e n t  i n  c o n t a c t  w i th  t h e  n i c k e l ,  and a t  
t h i s  s t a g e  th e  method was abandoned .
5 0
( i i i )  R e d u c t io n  o f  t o l u e n e - p - s u l p h o n i c  e s t e r s .
The most common p ro c e d u re  f o r  t h e  a i l p h o n y la t io n  o f  s u g a rs  
e n t a i l s  t h e  u se  o f  t o l u e n e - p —s u lp h o n y l  c h l o r i d e  i n  p y r i d i n e .  The 
d e s i r e d  s u lp h o n ic  e s t e r  may he c o n ta m in a te d  w i th  p r o d u c t s  c o n t a i n i n g  
c h l o r i n e ;  u n f o r t u n a t e l y  t h e  a l t e r n a t i v e  r e a g e n t ,  t o l u e n e - p - s u lp h o n i c  
a n h y d r id e ,  i s  n o t  r e a d i l y  a v a i l a b l e .  P y r id i n e  i s  u s e d  a s  s o lv e n t  
b e c a u s e  o f  i t s  w ell-know n c a t a l y t i c  e f f e c t  on e s t é r i f i c a t i o n  o f
78a l c o h o l s .  A d i s c u s s i o n  o f  such  r e a c t i o n s  h a s  been  p r e s e n t e d  
i n  w hich th e  p o s s i b i l i t y  i s  c o n s id e r e d  t h a t  com plexes o f  p y r id i n e  
w i t h  s u lp h o n y l  c h l o r i d e s  a r e  r e s p o n s i b l e  f o r  t h e  c a t a l y t i c  e f f e c t  
o f  p y r i d i n e .
The r e d u c t i o n  o f  t o l u e n e - p - s u l p h o n i c  e s t e r s  h a s  been  s t u d i e d
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u s i n g  l i t h i u m  alum in ium  h y d r id e  and a l s o  Raney n i c k e l  . I t  was
c o n c lu d e d  t h a t  t h e r e  a r e  two d i s t i n c t  r e a c t i o n s  w i th  l i t h i u m
alum in ium  h y d r id e ,  namely h y d r o g e n o ly s i s  w i th  f i s s i o n  o f  e i t h e r
8 - 0  bonds ( l )  o r  C-0 bonds (2 )  v i z :
R ] 0
( 2 ) ( 1 )
From th e  exam ples  s t u d i e d ,  i t  a p p e a re d  t h a t ,  a l th o u g h  a r y l  t o l u e n e -
2 - s u l p h o n a t e s  r e a c t e d  a c c o r d in g  t o  scheme ( l ) ,  a l k y l  t o l u e n e - p -  
s u lp h o n a te s  ( i n c l u d i n g  e s t e r s  o f  c a r b o h y d r a te s )  r e a c t e d  a c c o r d in g  
t o  e i t h e r  scheme.
The whole f i e l d  o f  s u lp h o n ic  e s t e r  d e r i v a t i v e s  o f  c a r b o h y d r a te s  
h a s  been  t h e  s u b j e c t  o f  a  rev ie w ^ ^  and i n  g e n e r a l  t o lu e n e - p - s u lp h o n i c  
e s t e r s  o f  s e c o n d a ry  a l c o h o l s  r e a c t  a c c o r d in g  t o  scheme ( l )  w i th
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l i t h i u m  alum inium  h y d r id e  t o  y i e l d  an a l c o h o l .  On th e  o t h e r  
hand , s u lp h o n ic  e s t e r s  o f  p r im a ry  a l c o h o l s  r e a c t  a c c o r d in g  to  
scheme (2 )  t o  y i e l d  t e r m i n a l  deoxy compounds. Many such  
exam ples  have  been  r e p o r t e d .  R e d u c t io n  o f  5 - 0 - t o l u e n e - p - s u l p h o n y l -  
D -a ra b in o s e  d i t h i o a c e t a l s  d e r i v e d  from , m e th a n e - ,  e th a n e - ,
822- p r o p a n e - ,  2- b u t a n e -  o r  a - t o l u e n e  t h i o l s  gave th e  c o r r e s p o n d in g  
5 -d e o x y -D -a ra b in o s e  d i t h i o a c e t a l  i n  4 0 -5 ^ ^  y i e l d .  I t  i s  i n t e r e s t i n g  
t o  n o te  t h a t  t h e  c o r r e s p o n d in g  r i b o -  and x y l o - d i t h i o a c e t a l s  p ro b a b ly  
form 5- 0- t 0 l u e n e - p - s u l p h o n ic  e s t e r s  upon t r e a tm e n t  w i th  t o l u e n e - p -  
s u lp h o n y l  c h l o r i d e ,  b u t  t h e s e  s p o n ta n e o u s ly  form 2 , 5- a n h y d r o -  
d i t h i o a c e t a l s ^ ^ .
r i b o -  and x y lo - P e n t a n e - 2 , 3 , 4 ~ t r i o l s  were hence  s y n th e s i s e d  by 
r e d u c t i o n  o f  t o l u e n e - p - s u l p h o n i c  e s t e r s .  The s y n t h e t i c  r o u t e  
in v o lv e d  fo rm a t io n  from  th e  r e s p e c t i v e  p e n t i t o l s  o f  l , 5- d i - 0- t r i t } l -
2 , 3 , 4 - t r i - O - b e n z o y l - p e n t i t o l s  (E x p ts .  23, 26) and 1 ,5 - d i - O - t o l u e n e -  
p - s u l p h o n y l - 2 , 3 , 4 - t r i - 0 - b e n z o y l - p e n t i t o l s  ( E x p ts .  2 4 , 2 ? ) .  The 
r e q u i r e d  t r i o l s  were o b t a i n e d  by  r e d u c t i o n  w i th  l i t h i u m  alum inium  
h y d r id e  i n  b o i l i n g  t e t r a h y d r o f u r a n  -(Expts . 25, 2 8 ) .  The r e a c t i o n  
sequence  i s  i l l u s t r a t e d  f o r  t h e  r i b o - i s o m e r  i n  P ig .  IV -6 .
CH
— OH 
— OH
—OCPh r-OH — OTs
—OCO.Ph —OCO. Ph — OCO.Ph
—OCO.Ph -------^ —OCO.Ph -----> — OCO. Ph -------^
-O C O .P h —OCO.Ph — OCO. Ph
—OCPh^ —OH — OTs CH.
F i g .  IV-6
P u r i t y  o f  t h e  p r e p a r e d  t r i o l s  was e s t a b l i s h e d  by p a p e r  and 
g a s - l i q u i d  ch ro m a to g rap h y . A s m a l l  q u a n t i t y  was o x i d i s e d  w i th
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aqueous  sodium m e ta p e r io d a t e  to  e f f e c t  a  s t r u c t u r e  d e te r m i n a t i o n ^ ^ .
The p e r i o d a t e  u p ta k e  was e s t i m a t e d  by th e  a r s e n i t e  method^^ (E x p t .  2 9 ) ,  
t h e  fo rm ic  a c i d  p ro d u ced  by t i t r a t i o n  w i th  a l k a l i ,  and th e  fo rm a ld e ­
hyde p ro d u ced  by t h e  c h ro m o tro p ic  a c id  m ethod^^ ’ ^^ . The r e s u l t s ,  
shown i n  T a b le  IV -1 , a r e  in  ag reem en t w i th  e x p e c t a t i o n s .
T ab le  IV -1 . P e r i o d a t e  o x i d a t i o n  o f  t r i o l s .
T r i o l P e r io d a t eu p ta k e
Formic a c id  
p roduced
Formaldehyde
p roduced
L - e r y t h r o - B u t a n e - 1 , 2 , 3 - t r i o l 1 .9 8  mol. 0 .9 2  mol. 0 .9 7  mol.
r i b o - P e n t a n e - 2 , 3 , 4 - t r i o l 2 .0 3  mol. 1 .0 7  mol.
L - a r a b i n o - P e n t a n e - 2 , 3 , 4 - t r i o l 2 .0 3  mol. 1 .0 6  mol.
x y l o - P e n t a n e - 2 , 3 , 4 - t r i o l 2 .0 7  mol. 1 .06  mol.
IV-B P r e p a r a t i o n  o f  p h e n y lb o r o n a te s  o f  t r i o l s .
The c h o sen  m ethod f o r  t h e  p r e p a r a t i o n  o f  t h e  p h e n y lb o r o n a te s  
o f  t r i o l s  (E x p t .  3 1 ) was s i m i l a r  t o  t h a t  s u c c e s s f u l l y  employed 
p r e v i o u s l y  f o r  p h e n y lb o r o n a te s  o f  d i o l s  v i z . a z e o t r o p i c  d i s t i l l a t i o n  
o f  w a te r  and t o lu e n e  from an e q u im o la r  m ix tu re  o f  t h e  t r i o l  and 
p h e n y lb o ro n ic  a n h y d r id e .  The d i s t i l l a t i o n  a l lo w s  th e  p r e p a r a t i o n  
o f  e s t e r s  w i th  a  s m a l l  e q u i l i b r i u m  c o n s t a n t  f o r  f o rm a t io n ,  by 
c o n s t a n t  rem ova l  o f  w a te r  from th e  r e a c t i o n  v e s s e l .
The method s u f f e r s  from  th e  e f f e c t s  o f  p y r o l y s i s  o f  t h e  t r i o l ,  
w hich  a s  a  r e s u l t  o f  i t s  ly o p h o b ic  n a t u r e ,  a d h e re s  t o  t h e  s u r f a c e  
o f  th e  v e s s e l .  A g i t a t i o n  o f  t h e  f l a s k  a i d s  d i s s o l u t i o n  i n  th e
p h e n y lb o r o n ic  a n h y d r id e  s o l u t i o n ,  and  u s e  o f  benzene  a s  s o lv e n t
28
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lo w e rs  t h e  t e m p e r a tu r e  r e q u i r e d  t o  c a r r y  ou t  t h e  r e a c t i o n .
A homogeneous r e a c t i o n  m ix tu re  may he a c h ie v e d  by u s i n g
212 -m e th o x y e th a n o l  a s  s o l v e n t  i n s t e a d  o f  b e n z en e .  Both  th e  t r i o l
and  a n h y d r id e  a r e  s o l u b l e  i n  t h i s  s o lv e n t  a t  9 0 ° .  R e a c t io n  t im e
i s  r e d u c e d  b u t  t h e  c o n d i t i o n s  i n  no way f o r c e  t h e  e q u i l i b r i u m  i n
f a v o u r  o f  t h e  e s t e r .  T h is  m ethod p ro v ed  s a t i s f a c t o r y  f o r  t h e
p r e p a r a t i o n  o f  L - a r a b i n o - p e n t a n e - 2 , 3 , 4 - t r i o l  p h e n y lb o ro n a te
p r o d u c in g  an  e s t e r  i d e n t i c a l  w i th  t h a t  o b t a i n e d  u s i n g  benzene  a s
s o l v e n t .  I s o l a t i o n  o f  t h e  p h e n y lb o ro n a te  was e f f e c t e d  by
e v a p o r a t i o n  o f  s o l v e n t s  u n d e r  r e d u c e d  p r e s s u r e .
I n  two c a s e s ,  t h i s  l e d  t o  t h e  f o rm a t io n  o f  a  c r y s t a l l i n e  s o l i d .
One o f  t h e s e  was g l y c e r o l  p h e n y lb o ro n a te  w hich had  been  p r e p a r e d  
35p r e v i o u s l y  i n  aqueous  m e th a n o l .  The o t h e r  was L - e r y t h r o - b u t a n e -
1 , 2 , 3 - t r i o l  p h e n y lb o r o n a te .  The o t h e r  r e a c t i o n  m ix tu r e s  p roduced
v i s c o u s  l i q u i d s ,  o n ly  one o f  w hich  d i s t i l l e d  c o m p le te ly ;  th e
re m a in d e r  form ed v a r i o u s  amounts o f  i n v o l a t i l e  m a t e r i a l .  P ro d u c ts
a r e  shown i n  T a b le  IV -2 .  The q u a n t i t y  o f  r e s i d u e  form ed from
b u t a n e - 1 , 2 , 4 - t r i o l  i n c r e a s e d  w i th  i n c r e a s i n g  r e s i d e n c e  t im e  i n
b o i l i n g  s o lv e n t  and on c h a n g in g  from  benzene  to  to lu e n e  i . e .
i n c r e a s i n g  t e m p e r a t u r e .
R e t e n t i o n  o f  c o n f i g u r a t i o n  d u r in g  fo rm a t io n  o f  a  p h e n y lb o ro n a te
from  L—a r a b i n o —p e n ta n e —2 , 3 , 4 “ t r i o l  was e s t a b l i s h e d  by h y d r o l y s i s ,
( E x p t .  3 3 ) .  R e t e n t i o n  o f  c o n f i g u r a t i o n  i s  i n  ag reem en t w i th
29f i n d i n g s  o f  F e r r i e r  e t . a l . c o n c e r n in g  m e th y l  a—B—g lu c o p y r a n o s id e .
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IV-C Methods f o r  d e t e r m i n a t i o n  o f  s t r u c t u r e .
( i )  Mass s p e c t r o m e t r y .
The mass s p e c t r a  o f  t h e  p h e n y lb o r o n a te s  o f  t r i o l s  may be 
fo u n d  i n  t h e  a p p e n d ix .  Low r e s o l u t i o n  s p e c t r a  were o b t a in e d  by 
i n s e r t i n g  sam ples  d i r e c t l y  i n t o  t h e  " io n  s o u r c e " ; h ig h  r e s o l u t i o n  
mass m easurem ents  and d e f o c u s s in g  e x p e r im e n ts  were pe rfo rm ed  
u s i n g  an  a l l  g l a s s  h e a t e d  i n l e t  sy s tem  w hich p roduced  a  more 
s t e a d y  sample p r e s s u r e .  I t  i s  a p p r e c i a t e d  t h a t  t h e  l a t t e r  
m easurem ents  were t a k e n  u n d e r  v e ry  d i f f e r e n t  c o n d i t i o n s  from th e  
low r e s o l u t i o n  s p e c t r a .
A l l  t h e  p h e n y lb o r o n a te s  o f  t r i o l s  form ed m o le c u la r  io n s  w hich 
were s u f f i c i e n t l y  s t a b l e  t o  be r e c o r d e d  i n  t h e  mass s p e c t r a ,  though  
t h e y  were o f  r e d u c e d  abundance compared w i th  t h e  p h e n y lb o r o n a te s  o f  
d i o l s .  I n  two c a s e s ,  th o s e  w i th  h ig h  b o ro n  c o n t e n t ,  i o n s  o f  mass 
g r e a t e r  t h a n  t h e  m o le c u la r  w e ig h t  o f  a  m on o -p h en y lb o ro n a te  were 
p r e s e n t .  The r e s i d u e  ( 14A) o b ta in e d  on d i s t i l l a t i o n  o f  r i b o - pentane-
2 , 3 , 4 - t r i o l  p h e n y lb o ro n a te  may c o n t a i n  d ip h e n y lp y r o b o ro n a te  r i n g s  
and  w i l l  n o t  be c o n s id e r e d  f u r t h e r  h e r e .
G ly c e ro l  p h e n y lb o ro n a te  ( l l )  h a s  b een  a s s i g n e d  a  1 ,2  s t r u c t u r e ^ ^  
by c h a r a c t e r i s a t i o n  o f  i t s  p h e n y lc a rb a m a te  d e r i v a t i v e .  The mass 
sp e c tru m  o f  ( l l )  e x h i b i t s  an abundan t m o le c u la r  io n  a t  °^^e I 7 8 ,
and  t h e  b a se  peak  c o r r e s p o n d s  t o  I ,  ^^e  147, CgHgBO^, i n  
ag reem en t  w i th  t h e  o b s e r v a t io n  made on p h e n y lb o r o n a te s  o f  d i o l s  
c o n c e r n in g  c le a v a g e  o f  e x o c y c l i c  G-C b onds .  An io n  XIX, ^e  31,
CH^O, i s  a l s o  form ed ( F ig .  IV -7 ) w hich i s  v e ry  c h a r a c t e r i s t i c  o f  
p r im a ry  a l c o h o l s .
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P ig .  IV-7
The o t h e r  two p a th s  o f  f r a g m e n t a t i o n  o f  th e  m o le c u la r  io n ,  
v i z . e l i m i n a t i o n  o f  fo rm a ld eh y d e  and r e a r ra n g e m e n t  t o  p roduce  
h y d ro c a rb o n  io n s  a l s o  o c c u r  w i th  th e  r e s u l t  t h a t  th e  sp e c t iu m  
g e n e r a l l y  r e s e m b le s  t h a t  o f  p r o p a n e - 1 ,2 - d i o l  p h e n y lb o ro n a te  ( s e e  p 3 l )
mThus a  m e t a s t a b l e  io n  a t  '  q 5 6 .3  c o r r e s p o n d s  t o  t h e  oxonium io n  
I ,  ^^ e  147» CgHgBOg, r e a r r a n g i n g  t o  p roduce  t h e  h y d ro c a rb o n  io n  I I I ,  
e  9 1 , C ^ ^ ,  and a n o th e r  m e t a s t a b l e  io n  a t  '^'^e 4 6 .5  p o s s i b l y  
c o r r e s p o n d s  t o  I I I ,  e  9 I» e l i m i n a t i n g  a c e t y le n e  t o  form 6 5 ,
C5H5 .
I t  i s  p r o f i t a b l e  t o  c o n s t r u c t  a  h y p o t h e t i c a l  sp e c tru m  o f  g l y c e r o l -  
1, 3 -p h e n y lb o r o n a te  i n  o r d e r  t h a t  a  s ix -m em bered  e s t e r  r i n g  may be 
r e c o g n i s e d .  A mass sp ec tru m  s i m i l a r  t o  t h a t  o f  2 , 2 - d im e th y lp ro p a n e -
A1 , 3 - d i o l  p h e n y lb o ro n a te  would be e x p e c te d ,  i n  which VI, '  e  IO4 , 
C^H^BO, i s  p roduced  from th e  m o le c u la r  io n  by a  doub le  e l i m i n a t i o n  
( P ig .  I V - 8 ) .  An io n  XX, ^ ’^ e 44 , ^ 2^ 4 ^ ’ s h o u ld  a l s o  be fo rm ed , ■ 
whose s t r u c t u r e  would c o n v e n t i o n a l l y  be t h a t  o f  th e  en,o l i o  form  o f  
a c e t a ld e h y d e .  I n  f a c t .
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t h e s e  two f ra g m e n ts  a r e  p r e s e n t  i n  th e  sp e c t ru m . A v e ry  s m a l l  
m e t a s t a b l e  io n  a t  6 0 .7  i n d i c a t e s  t h a t  V I, ^^e  IO4 , i s  
p roduced  d i r e c t l y  from  th e  m o le c u la r  i o n .  I t  would a p p e a r  
t h e r e f o r e  t h a t  a  s m a l l  amount o f  t h e  1 ,3  isom er  i s  p r e s e n t  in  
g l y c e r o l  p h e n y lb o r o n a te .
In d e e d ,  were i t  n o t  f o r  t h e  low abundance o f  V I, ^ ’^ e IO4 , and 
XX, ^^e  44 ,  and th e  h ig h  abundance o f  I ,  147, i t  c o u ld  be 
c o n c lu d e d  t h a t  g l y c e r o l  l a r g e l y  fo rm s a  1 ,3 - p h e n y lb o r o n a t e .  T h is  
o b s e r v a t i o n  s tem s from  a  s tu d y  o f  t h e  mass
88sp ec tru m  o f  g l y c e r o l - 1 ,3 - b e n z y l i d e n e  a c e t a l  i n  w hich i t  was o b se rv e d  
t h a t  t h e  m o le c u la r  io n  e l i m i n a t e d  a  h yd rogen  r a d i c a l  and fo rm aldehyde  
t o  p roduce  M-31 t o  an  e x t e n t  o f  15^ o f  t h e  abundance o f  t h e  m o le c u la r  
i o n .  I f  t h i s  p r o c e s s  o c c u rs  i n  s ix-m em bered  b o r o n a te  r i n g s ,  an 
io n  XXI, ^ / e  147, CgHgBOp, would be p roduced  from g l y c e r o l - 1 , 3 -  
p h e n y lb o ro n a te  ( P ig .  I V - 9 ) ,  C l e a r l y  g r e a t  c a u t i o n  i s  r e q u i r e d
-H* -HgCO / i - P h
XXI, °^/e 147
P ig . IV-9
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i n  t h e  i n t e r p r e t a t i o n  o f  th e  mass s p e c t r a  o f  p h e n y lb o ro n a te s  
o f  t r i o l s  i n  v iew  o f  t h e  s i m i l a r i t y  o f  t h e  f ragm en t  io n s  which 
may be p roduced  and t h e  m ix tu re s  o f  iso m e rs  w hich th e  sample may 
c o n t a i n .
B u t a n e - 1 ,2 , 4 - t r i o l  fo rm s a  p h e n y lb o ro n a te  whose s t r u c t u r e  
may c o n t a i n  a  f i v e - ,  s i x -  o r  seven-memberéd e s t e r  r i n g .  The
t h r e e  p o s s i b l e  s t r u c t u r e s  a r e  shown i n  F i g .  IV -10 .
B-Ph
■OH
-OH
( 12a )
" \^ - P h
—O'
( 12b)
P i g .  IV-10
;-Ph
( 1 2 c )
I t  h a s  been  s u g g e s te d ,  on th e  b a s i s  o f  h y d r o l y s i s  s t u d i e s  t h a t  
t h e  s t r u c t u r e  i s  b u t a n e - 1 , 2 , 4- t r i o l  1 , 2- p h e n y lb o r o n a te ^ ^ ,  ( l 2a ) .  
D i s t i l l a t i o n  o f  t h e  e s t e r  d iv id e d  i t  i n t o  two p o r t i o n s ;  t h e  
d i s t i l l a t e  and r e s i d u e  had a lm o s t  i d e n t i c a l  low r e s o l u t i o n  s p e c t r a .  
O nly  t h e  spec trum  o f  t h e  d i s t i l l a t e  (12 )  was s t u d i e d  f u r t h e r  and 
u s i n g  t h i s ,  a  d e f o c u s s in g  e x p e r im e n t  showed t h a t  t h e  p a r e n t  io n s  
o f  V I, 104, C^H^BO, in c lu d e d  th e  m o le c u la r  io n  ^^e  192,
T h is  im p l ie s  t h a t  do u b le  e l i m i n a t i o n  i s  o c c u r r i n g  from  a  s ix-m em bered 
b o ro n a te  r i n g .  F u r t h e r  e v id e n c e  o f  do u b le  e l i m i n a t i o n  i s  p ro v id e d  
by  a  f ra g m en t  5 8 , C^H^O, t h e  m o le c u la r  io n  o f  a l l y l  a l c o h o l ,  
w hich  e l i m i n a t e s  a  hydrogen  r a d i c a l  fo rm in g  5 7 » C^H^O
The c o n c lu s io n  t h a t  t h i s  i s  t h e  sp ec tru m  o f  t h e  1 ,3 - p h e n y lb o r o n a te  
( l2 b )  i s  s t r e n g th e n e d  by th e  h ig h  abundance o f  t h e  oxonium io n
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mAIX, 161, CgH^QBOg, anü XIX, 31, CH 0 . The mass
sp ec tru m  re s e m b le s  t h a t  o f  b u t a n e - 1 ,B - d i o l  p h e n y lb o ro n a te  
( s e e  p . 3 3 ) w i th  a  m e t a s ta b le  io n  a t  ^^ e  8 4 .2  c o r r e s p o n d in g  to  
XI, ^^e  131 , CgHgBO, e l i m i n a t i n g  a c e t y l e n e  t o  form  X II ,  IO5 ,
A
mACgHgBO, A m e t a s t a b l e  io n  a t  '  e  51*4 r e s u l t s  from re a r ra n g e m e n t
, (
V
o f  t h e  oxonium io n  IX, ^^e  I 6 I ,  C^H^^BO^, t o  I I I ,  e 9 I ,  C^H^.
Yet a n o th e r  m e t a s t a b l e  io n  a p p e a r s  i n  t h e  sp ec tru m  a t  '  e  I 5 7 .8  
a s  a  r e s u l t  o f  e l e c t r o n  im pact in d u ce d  e l i m i n a t i o n  o f  w a te r  from 
th e  m o le c u la r  i o n ,  r a t h e r  t h a n  th e r m a l  d e h y d r a t io n .  D euterium  
l a b e l l i n g  e x p e r im e n ts  have shown^^’ ^^ t h a t  e l e c t r o n  im pact induced  
d e h y d r a t io n  o c c u rs  p re d o m in a n t ly  by a  1 , 4 - e l i m i n a t i o n  th ro u g h  a  
s ix-m em bered  t r a n s i t i o n  s t a t e ,  i n  m arked c o n t r a s t  t o  1 , 2 - e l i m i n a t i o n  
i n  th e r m a l  d e h y d r a t io n s .  Thus t h e  m o le c u la r  io n  o f  b u t a n e - 1 , 2 , 4 -  
t r i o l  1 , 2 -p h e n y lb o ro n a te  ( l 2 a )  would r e a d i l y  e l i m i n a t e  w a te r  
p ro d u c in g  an  abundan t M-I8 io n  ( F ig ,  I V - l l ) ,
H
F ig ,  lV-11
-Ph
S te re o c h e m ic a l  r e a s o n s  p r e v e n t  d e h y d r a t io n  o f  t h e  1 ,3 - p h e n y lb o r o n a te  
( l 2 b )  by 1 , 4 - e l i m i n a t i o n ,  hence  th e  s m a l l  M-H^O peak i s  p r o b a b ly  
p ro d u ced  from  a  s m a l l  q u a n t i t y  o f  t h e  1 , 2 -p h e n y lb o ro n a te  p r e s e n t  
i n  t h e  sam ple .  Such an im p u r i ty  would a c c o u n t  f o r  t h e  p re s e n c e  
o f  I ,  e 147 , CoHgBOp, w hich i s  u n l i k e l y  t o  be p roduced  from  th e
1 ,3 - p h e n y lb o r o n a t e .
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The p r e s e n c e  o f  t h e  1 ,4 - p h e n y lb o r o n a te  ( l 2 c )  isom er  can n o t  
be d i s c o u n te d  a s  i t s  f r a g m e n ta t io n  p a t t e r n  i s  unknown. The 
r e s i d u e  (12A) r e m a in in g  a f t e r  d i s t i l l a t i o n  i s  monomeric, 
d e te rm in e d  b o th  by m easurem ents  o f  d e p r e s s io n  o f  f r e e z i n g  p o in t  
i n  benzene  and mass s p e c t r o m e t r y .  I t  may be c o n c lu d e d  t h a t  th e  
two f r a c t i o n s  a r e  iso m e rs  ( l 2 b )  and ( l 2 c ) .
The t h r e e  p o s s i b l e  s t r u c t u r e s  o f  L- e r y t h r o - b u t a n e - 1 , 2 , 3 - t r i o l  
p h e n y lb o ro n a te  a r e  shown i n  F i g .  IV -12 .
,o
HO
,o
1 4 7
4 5
Ph-B. HO
HO
P h _ B / '
CH. CH. CH.
(1 3 a) (13b)
F ig .  IV-12
(13c)
Io n s  e 4 5 ,  C^H^O, and 147, CgHgBOg, im m e d ia te ly  s u g g e s t  t h a t  
t h e  s t r u c t u r e  i s  a  1 , 2 - p h e n y lb o ro n a te  ( l 3 a ) .  However i t  i s  u n l i k e l y  
t h a t  f ra g m e n ts  ^^ e  l 6 l ,  C^H^qBO^, and I 4 8 , CgH^BO^, would be 
form ed from  such  a  s t r u c t u r e ;  i t  i s  more l i k e l y  t h a t  t h e y  a r e  
p ro d u ce d  from  t h e  o t h e r  two p o s s i b l e  i so m e rs  ( l3 b )  and ( l 3 c ) .  Ion  
e 161 would t h e n  have th e  s t r u c t u r e  I I  o r  XXII. ( F ig .  I V - I 3 ) .
I o n  148 , CgH BOg, i sA
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p ro d u ce d  by e l i m i n a t i o n  o f  a c e ta ld e h y d e  from  th e  m o le c u la r  io n  o f  
( l3 b )  and ( l 3 c ) .  Double e l i m i n a t i o n  o f  an  a ld eh y d e  and C^H^BO 
does n o t  a p p e a r  t o  be a  m ajo r  f r a g m e n t a t i o n .  L- e r y t h r o -B u ta n e -
1 , 2 , 3 - t r i o l  p h e n y lb o ro n a te  th u s  a p p e a r s  t o  be a  m ix tu re  o f  isom ers ,
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The mass s p e c t r a  o f  t h e  p h e n y lb o r o n a t e s  14, 15, I 5A and 16 
o f  t h e  t h r e e  i so m e r ic  p e n t a n e - 2 , 3 , 4 - t r i o l s  w i l l  be c o n s id e r e d  
t o g e t h e r  a s  t h e y  a r e  v e ry  s i m i l a r .  A l l  c o n t a i n  a  m o le c u la r  io n  
,^^e 206 , show ing  th e  b o r o n a t e s  a r e  monomeric. Each
t r i o l  may form a  f i v e -  o r  s ix-m em bered  r i n g  p h e n y lb o r o n a te ;  b o th  
would be e x p e c te d  t o  f ra g m en t  u n d e r  e l e c t r o n  im pact t o  p roduce  
161 , C^H^qBO^, w hich  may have th e  s t r u c t u r e  I I  o r  XXII 
( F ig .  I V - I4 ) .  The io n  i s  i n  such  h ig h
161 
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abundance  t h a t  i t  i s  l i k e l y  t o  be I I  ( s e e  p . 57 ) an d  s u g g e s t s  a  
f i v e —membered e s t e r  r i n g .  Also i n  h ig h  abundance i s  I I 8 , 
C^H^q. The io n  p roduced  by th e  doub le  e l i m i n a t i o n  f r a g m e n ta t io n
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( F ig ,  I V - I 5 ) X X III ,  5 8 » C^HgOjisa'bundarxt and i t  may be 
i n f e r r e d  t h a t  t h e  p h e n y lb o r o n a te  r i n g s  a r e  s ix -m em bered . However, 
VI, ^ / e ,  C^H^BO, i s  i n  q u i t e  low abundance . A lso ,  a  d e f o c u s s in g
CH
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CH
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-CH CHO HO-
3 J
P ig .  I V - I 5
XXII, 58
e x p e r im e n t  p e r fo rm e d  u s i n g  x y lo - p e n t a n e - 2 , 3>4 - t r i o l  p h e n y lb o ro n a te  ( l 6 )  
showed t h a t  t h e  p a r e n t  io n  o f  XXII, ^^e  $8 , C^H^O, was n o t  th e
m
m o le c u la r  io n  b u t  m a in ly  I I ,  '  e  161, C^H^^BO^. The io n  X X III ,
m e 5 8 , C^HgO, t h e r e f o r e , i s  n o t  p ro d u ce d  by a  doub le  e l i m i n a t i o n  
r e a c t i o n  b u t  by a  r e a r ra n g e m e n t  and  i t s  p r e s e n c e  i n  th e  s p e c t r a  
o f  t h e s e  p e n t a n e - t r i o l  p h e n y lb o r o n a te s  does  n o t  n e c e s s a r i l y  i n d i c a t e  
a  s ix -m em bered  b o r o n a te  r i n g .  Thus t h e  s t r u c t u r e s  o f  t h e  p e n ta n e -
2 , 3 , 4 - t r i o l  p h e n y lb o r o n a te s  ca n n o t  be d e te rm in e d  w i th  c e r t a i n t y  
from  t h e i r  mass s p e c t r a  a lo n e .
P e n t a n e - l , 3 , 5 - t r i o l  p h e n y lb o ro n a te  ( l ? )  may h av e ,  i n  i t s  s t r u c t u r e ,  
a  s i x -  o r  e ig h t-m em b ered  b o r o n a te  r i n g .  D isc o v e ry  o f  an e i g h t -  
membered r i n g  would be n o v e l  s in c e  i t  h a s  been  r e p o r t e d  t h a t  p e n ta n e -  
1 , 5 - d i o l  fo rm s a  p o ly m e r ic  b o r o n a t e ^ ^ .  In  f a c t ,  ( I 7 ) i s  r e a d i l y  
shown t o  be a  p r im a ry  a l c o h o l  b e c au se  t h e  mass spec trum  c o n ta i n s  
io n s  XIX, 3 1 , CHjO, and IX, 161, C H^^BOg, ( P ig .  I V - I 6 ) .
B-Ph B-Ph
IX, / e 161
CH OH
IX, ^ 4  31
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P ig .  lV-16
The oxonium io n  IX, '  e  l 6 l  i s  s i m i l a r  t o  t h a t  p roduced  from h u t a n e -
1 , 3 - d i o l  p h e n y lb o ro n a te  ( s e e  p . 33) and f ra g m e n ts  in  a  s i m i l a r  m anner.
Thus r e a r ra n g e m e n t  t o  111, 91» C H , (b a se  peak) o c c u r s ,  e v id e n c e d  by
m/
7 7'
a  m e t a s t a b l e  io n  a t  ' e  51*5 and  a l s o  c o n s e c u t iv e  e l i m i n a t i o n  o f  fo rm a l ­
dehyde and a c e t y l e n e  t o  g iv e  XI, ^^4 131, CgHgBO, and X l l ,  ^ 4  105» CgH^BO, 
A f e a t u r e ,  n o t  p r e v i o u s l y  e n c o u n te re d ,  i s  t h e  e x t e n s i v e  d e h y d r a t io n
mo f  t h e  m o le c u la r  io n  '  e  206, C^^H^^BOg, which o c c u rs  p ro d u c in g  XXIV,
m e l8 8 ,  C^jHggBO^, and  a  m e t a s t a b l e  io n  a t  e 171 .5  ( P lg .  I V - I 7 ) .
The f ra g m en t  XXIV, ^^4 IB.8, may b re a k  up t o  g iv e  VI, ^^4 IO4 , CgH^BO, 
o r  XXV, ^ 4  8 4 , C^HgO, and m e t a s t a b l e  io n s  a t  ^ 4  57*5 and ^ 4  37*4 
r e s p e c t i v e l y .  S im u lta n e o u s
+
-H^O
"■/e 188XXIV
+ •
PhBO
VI, "^4  104
XXV, ^ 4  84
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ex p l u s io n  o f  w a te r  and C^H^BO may o c c u r  from  th e  m o le c u la r
io n  t o  form  XXV, e 8 4 , C^HgO, e v id e n c e d  hy a  m e t a s t a b l e  io n  
a t  3 4 . 3 . The p a r e n t  io n s  o f  VI, ^^e  IO4 , and XXV, ^'^e 8 4 , 
were d e te rm in e d  by d e f o c u s s in g  e x p e r im e n ts  and c o n f i rm  th e  
m e t a s t a b l e  io n  a s s ig n m e n ts .
The m o le c u la r  io n  a l s o  p ro d u c e s  XXVI, I 7 8 , by
e l i m i n a t i o n  o f  e th y l e n e  s u p p o r te d  by a  m e t a s t a b l e  io n  ^ ^ e  153*8 . 
Io n  XXVI, ^^ e  I 7 8 , e x p e l s  a  h yd rogen  atom t o  form  XXVII, 177» 
C^H^qBO^, and  a  m e t a s t a b l e  io n  a t  '^'^e I 7 6 .O. Io n  XXVII, ^'^e 177» 
decomposes i n  a  most u n u s u a l  way by c le a v a g e  o f  th e  B-Ph bond and
/
mAe l i m i n a t i o n  o f  a  p h e n y l  r a d i c a l  t o  p roduce  XXVIII, ' e  100, C^H^BO^,
and  a  m e t a s t a b l e  io n  at'^'^ e 58.7» (Pig* I V - I 8 ) .A
Ph
OH
XXIX, 101
Ph _ OH
XXVI, 178 XXVII, e 177
Y
OH
XXVIII, “ A  100
F i g .  IV-1 8
C leav ag e  o f  t h i s  bond h a s  p r e v i o u s l y  been  o b s e rv e d  t o  o c c u r  o n ly  
i n  c o n n e c t io n  w i t h  f o r m a t io n  o f  h y d ro c a rb o n  i o n s .  I t  i s  s u g g e s te d  
t h a t  i n  t h i s  compound t h e  bond i s  weakened by d o n a t io n  o f  e l e c t r o n s  
from  t h e  oxygen atom o f  t h e  f r e e  h y d ro x y l  group  t o  b o ro n  fo rm in g  a
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d a t i v e  bond . F o rm a t io n  o f  such  a  f u s e d - t r i c y c l i c  s t r u c t u r e
92h a s  been  o b s e rv e d  when c y c l i t o l s  form b o r a t e  com plexes .
F u r t h e r  e v id e n c e  i s  s u p p l i e d  by d e f o c u s s in g  e x p e r im e n ts  which 
show t h a t  XXVIII, 100, i s  p ro d u ced  b o th  from  th e  m o le c u la r  
i o n  206, and from  XXVII, ^ A  177* A m e t a s t a b l e  io n  a t  
^ A  49*3 s u g g e s t s  t h a t  t h e  m o le c u la r  io n  a l s o  p ro d u c e s  XXIX,
^ A  101, C^HgBO^, d i r e c t l y  c o n f i r m in g  th e  p r e s e n c e  o f  a  b o r o n -  
oxygen d a t i v e  bond i n  th e  s t r u c t u r e .
Use o f  mass s p e c t r o m e t r y  h a s  p ro v e d  t o  be s u c c e s s f u l  i n  
d e te r m i n in g  s t r u c t u r e s  o f  p h e n y lb o r o n a te s  o f  t r i o l s  i n  o n ly  a  
l i m i t e d  number o f  c a s e s .  I n  f a c t ,  i t  h a s  been  shown l a t e r  ( p .7 9 )  
t h a t  most o f  t h e s e  compounds a r e  m ix tu r e s  o f  i s o m e r ic  m o d i f i c a t i o n s  
o f  b o r o n a te  r i n g  s i z e s .  H ence, i t  i s  n o t  s u r p r i s i n g  t h a t  
e x p e r im e n ta l  d a t a  p r e s e n t e d  i n  t h i s  s e c t i o n  ca n n o t  be s a t i s f a c t o r i l y  
r a t i o n a l i s e d  and  u s e d  f o r  s t r u c t u r a l  d e t e r m i n a t i o n .
( i i )  I n f r a r e d  s p e c t r o s c o p y
A lc o h o ls  a b s o rb  i n  t h e  f r e q u e n c y  ra n g e  3500-3700 cm ^ w hich 
o c c u r s  i n  t h e  i n f r a r e d  r e g i o n .  T h is  a b s o r p t i o n  c o r r e s p o n d s  to  
t h e  0-H s t r e t c h i n g  f re q u e n c y .  Hydrogen b o n d in g ,  w hich  o c c u rs  in  
c o n c e n t r a t e d  s o l u t i o n ,  b ro a d e n s  t h e  a b s o r p t i o n ,  b u t  a t  a  c o n c e n t r a t i o n  
below  0 .0 0 5  M, i n t e r m o l e c u l a r  h yd rogen  b o n d in g  i s  r e d u c e d  t o  a  
n e g l i g i b l e  d e g re e  and  o n ly  i n t r a m o l e c u l a r  hyd rogen  b o n d in g  o c c u r s .
The p r e v i o u s l y  b r o a d  h y d ro x y l  a b s o r p t i o n  becomes œ s o lv e d  i n t o  
s h a rp  a b s o r p t i o n  b a n d s ,  t h e  f r e q u e n c y  o f  w hich can  be m easu red  
e a s i l y .
A b s o r p t io n  be tw een  3644 and 3605 cm c o r r e s p o n d s  t o  t h e  f r e e
93h y d ro x y l  group  f re q u e n c y  i n  an  a l c o h o l  o r  p h e n o l  . W ith in  any 
s i n g l e  c l a s s  o f  compounds t h e  o v e r a l l  r a n g e  o f  a b s o r p t i o n  i s  s m a l l e r
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s t i l l  and th e  f r e e  h y d ro x y l  group hand  o f  a  l a r g e  number o f
1 , 2 - d i o l s  o c c u r s  a t  3630 ± 5 cm ^ P r im ary  a l c o h o l s  have
b e e n  found  t o  a b s o rb  n e a r  3642 cm ^ and s e c o n d a ry  a l c o h o l s
n e a r  3629 cm  ^ T h is  i s  t r u e  f o r  s im p le  a l c o h o l s  b u t
b e n z y l  a l c o h o l  a b s o rb s  a t  3614 cm ^ and  th e  c o n c lu s io n  may be
96drawn t h a t  i t  i s  unw ise  t o  a p p ly  t h e  g e n e r a l i s a t i o n  to o  f a r  
In d e e d ,  t h e  i n f r a r e d  s p e c t r a  o f  t h e  p h e n y lb o r o n a te s  o f  t r i o l s  
(T a b le  IV -3) a l s o  l i e  o u t s i d e  t h i s  g e n e r a l i s a t i o n .  Thus t h e  
f r e e  h y d ro x y l  g ro u p s  i n  t h e  t h r e e  i s o m e r ic  p e n t a n e - 2 , 3 , 4 - t r i o l  
p h e n y lb o r o n a te s ,  w hich  s h o u ld  a b s o rb  n e a r  3629 cm a c t u a l l y  
a b s o rb  i n  t h e  r a n g e  3638-3630 cm At t h i s  s t a g e ,
„  ^ 1 , F r e q u e n c ie s  o f  a b s o r p t i o n
P a r e n t  t r i o l  P ro d u c t  ± lc m - l
G ly c e ro l 3640 3613
B u ta n e -1 ,  2 , 4 - t r i o l d i s t i l l a t e 3641 3606
« II r e s i d u e 3669  3636 3606
L - e r y t h r o - B u t a n e - 1 , 2 , 3 - t r i o l 3632 3605
r i b o  - P e n t a n e - 2 , 3 , 4 - t r i o 1 d i s t i l l a t e 3707 3638 3595
II II r e s i d u e 3669  3637 3594
L - a r a b i n o - P e n t a n e - 2 , 3 ,4-^rLol d i s t i l l a t e 3670  3634 3606
II II r e s i d u e 3670  3634 3606
x y lo  - P e n t a n e - 2 , 3 , 4 - t r i o l ' d i s t i l l a t e 3630 3597
II II r e s i d u e 3668  3632 3597
P e n t a n e - 1 , 3 , 5 - t r i o 1 3725 3640 3578
T a b le  IV -3 . I n f r a r e d  spec  i r a  o f  p h e n y lb o r o n a te s  o f  t r i o l s .
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a t t e n t i o n  s h o u ld  he drawn t o  t h e  f re q u e n c y  o f  a b s o r p t i o n  o f
r i b o - p e n t a n e - 2 , 3 t 4 ~ t r i o l  p h e n y lb o ro n a te  (14A ), an  e s t e r  w hich
h a s  a  h ig h  bo ro n  c o n t e n t .  T h is  compound a b s o rb s  s t r o n g l y  a t
3637 cm ^ and  i t  seems l i k e l y  t h e r e f o r e ,  t h a t  t h e  s t r u c t u r e
c o n t a i n s  a  f r e e  h y d ro x y l  group  and  a  d ip h e n y lp y r o b o ro n a te  r i n g .
A b s o rp t io n s  o c c u r r i n g  t o  t h e  low f r e q u e n c y  s id e  3613 -  3594 cm~^
a r e  c a u se d  by a weakened 0-H bond . The w eaken ing  i s  p ro b a b ly
c a u s e d  by  i n t r a m o l e c u l a r  hyd rogen  b o n d in g  t o  an  oxygen atom o f  t h e
b o r o n a t e  r i n g .  I n t r a m o l e c u l a r  h yd rogen  b o n d in g  h a s  been  th e
97s u b j e c t  o f  a  r e v ie w  . I n  s im p le  c a s e s ,  e . g . m ono-O-methyl e t h e r s
98 )o f  d i o l s  , t h e  s h i f t  Av t o  low f re q u e n c y  h a s  been  c o r r e l a t e d  w i th
t h e  l e n g t h  o f  t h e  hyd ro g en  bond and h a s  become a  p o w e r fu l  t o o l  i n
99c o n f o r m a t io n a l  a n a l y s i s  . The f o r m u la t io n  o f  such  a  c o r r e l a t i o n
50f o r  p h e n y lb o r o n a te s  would be unw ise  : n  v iew  o f  t h e  r e p o r t  t h a t  
oxygen t o  b o ro n  back  d o n a t io n  i s  g r e a t e r  i n  s i x - t h a n  i n  f ive -m em bered  
b o r o n a t e  r i n g s .
T h is  r e p o r t  i s  s u p p o r te d  by th e  n u c l e a r  m ag n e t ic  r e s o n a n c e  
s p e c t r a  o f  s im p le  p h e n y lb o r o n a te s  o b t a i n e d  by t h e  a u t h o r ,  ( s e e  
E x p e r im e n ta l  s e c t i o n ) .  I t  may be s e e n  t h a t  c a rb o n  n u c l e i  s i t u a t e d  
a t  e q u i v a l e n t  p o s i t i o n s  i n  compounds c o n t a i n i n g  f i v e -  and s ix-m em bered  
b o r o n a te  r i n g s  r e s o n a t e  w i th  d i f f e r e n t  c h e m ic a l  s h i f t s  and a r e  hence  
s u r ro u n d e d  by d i f f e r e n t  e l e c t r o n i c  e n v i ro n m e n ts ,
( i i i )  P e r i o d a t e  o x i d a t i o n  o f  p h e n y lc a rb a m a te  d e r i v a t i v e s .
I t  h a s  a l r e a d y  b een  s t a t e d  i n  C h a p te r  I  t h a t  a  p h e n y lc a rb a m a te  
e s t e r  may be made o f  most p h e n y lb o r o n a te s  p o s s e s s i n g  a  f r e e  h y d ro x y l  
g ro u p .  Such d e r i v a t i v e s  a r e  c r y s t a l l i n e  and have  t h e  added  
a d v a n ta g e  t h a t  u n d e r  c o n d i t i o n s  o f  aqueous p e r i o d a t e  o x i d a t i o n  th e
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p h e n y lc a rb a m o y l  m o ie ty  i s  n o t  c l e a v e d ^ ^ .  P r e p a r a t i o n  o f  t h e s e
d e r i v a t i v e s  s u f f e r s  from th e  d i s a d v a n ta g e  t h a t  t h e  r e a c t i o n  m ix tu re
must be h e a t e d  f o r  lo n g  p e r i o d s  a s  t h e  r e a c t i o n  i s  s l u g g i s h  and  i n
some c a s e s  i t  i s  n e c e s s a r y  t o  add a  c a t a l y s t .  The r e a c t i o n  i s
known t o  be b a se  c a t a l y s e d ^ ^ ^ ,  and t r i e t h y l a m i n e  i s  o f t e n  added
t o  i n c r e a s e  t h e  r a t e  o f  r e a c t i o n .
T r i e t h y l a m in e ,  a l t h o u g h  a  s t r o n g  e l e c t r o n  d o n o r ,  i s  s t e r i c a l l y
h i n d e r e d  and does  n o t  form  s t a b l e  amine com plexes  w i th  p h e n y lb o r o n a te s  
23
o f  d i o l s  . N e v e r t h e l e s s ,  i t  was c o n s id e r e d  p o s s i b l e  t h a t  
t r i e t h y l a m i n e  m igh t c a t a l y s e  an  i s o m é r i s a t i o n  o f  t h e  p h e n y lb o r o n a te  
i n  a d d i t i o n  t o  i t s  known c a t a l y t i c  e f f e c t  on p h e n y lc a rb a m a te  
f o r m a t i o n .  T h is  p o s s i b i l i t y  was d i s c o u n t e d  when th e  p h e n y lb o r o n a te s  
o f  g ly ce ro l  and L- e r y t h r o - b u t a n e - 1 , 2 , 3 - t r i o 1 were r e f l u x e d  w i th  
t r i e t h y l  m in e  and  r e c o v e r e d  unchanged , (E x p t ,  34 )•
P h e n y lca rb am a te  e s t e r s  were p r e p a r e d  (E x p t .  35) from  a l l  t h e  
p h e n y lb o r o n a te s  o f  t r i o l s  e x c e p t  f o u r  ( l2 A , I 5A, l ( ,  1 6 a ) .  I n  
t h e s e  f o u r  c a s e s ,  i t  may be assum ed t h a t  t h e  r e a c t i v i t y  o f  t h e  f r e e  
h y d ro x y l  g roup  was r e d u c e d  by i t s  c o - o r d i n a t i o n  t o  t h e  bo ro n  a to m ^ ^ '^^ * ^ ^ ,  
I n  two c a s e s ,  (14  and  I 6 ) ,  t h e  p h e n y lb o r o n a te  was im pure ,  c o n t a i n i n g  
f r e e  t r i o l .  F r a c t i o n a t i o n  was a c h ie v e d  by a l l o w i n g  t h e  r e a c t i o n  t o  
p ro c e e d  a t  f i r s t  a t  25° ,  rem ov ing  t h e  t r i o l  t r i - p h e n y l c a r b a m a t e  and 
c o n t i n u i n g  th e  r e a c t i o n  a t  t h e  r e f l u x i n g  t e m p e r a tu r e  o f  t o lu e n e  t o  
p ro d u ce  a  t r i o l  p h e n y lb o r o n a te  m o n o -p h en y lca rb am a te .
I t  i s  known t h a t  when p h e n y lb o r o n a te s  a r e  d i s s o l v e d  i n  aqueous 
o r g a n ic  s o l v e n t s ,  h y d r o l y s i s  o c c u r s ,  l e a v i n g  i n  s o l u t i o n  th e  p o l y o l
18and  p h e n y lb o ro n ic  a c i d  . O x id a t io n  o f  t h e  p o l y o l  w i th  sodium 
m e ta p e r io d a t e  h a s  been  s u c c e s s f u l l y  a c c o m p lish e d  i n  t h e  p r e s e n c e  o f  
p h e n y lb o ro n ic  a c id ^ ^ .  T h is  m ethod was s u c c e s s f u l l y  employed f o r  th e
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o x i d a t i o n  o f  t h e  t r i o l  p h e n y lb o ro n a te  p h e n y lc a rb a ra a te s
( E x p t .  3 6 ) ;  t h e  p e r i o d a t e  u p ta k e  b e in g  e s t i m a t e d  by th e  a r s e n i t e  method^^ 
and  t h e  fo rm a ldehyde  p roduced  w i th  c h ro m o tro p ic  a c i d ^ ^ '^ ^ .  The 
r e s u l t s  a r e  shown i n  T a b le  IV-4 .
T ab le  IV -4 . P e r i o d a t e  o x i d a t i o n  o f  p h e n y lb o ro n a te  
p h e n y lc a rb a m a te s  of t r i o l s .
P h e n y lb o ro n a te  p h e n y lc a rb a m a te  o f  
p a r e n t  t r i o l
P e r i o d a t e  consumed 
a f t e r  40  m in .
G ly c e ro l ( 11 ) 0 .9 4  m ol.
B u ta n e -1 ,  2 , 4 - t r i o 1 (12) 0 .0 2  "
L - e r y t h r o - E u t a n e - 1 , 2 , 3 - t r i o 1 ( 13 ) 0 .3 5  "
r i b o - P e n t a n e - 2 , 3 , 4 - t r i o l ( 14 ) 0 .1 3  "
It II (14A) 0 .3 8  "
L - a r a b i n o - P e n t a n e - 2 , 3 , 4 - t r i o l ( 15 ) 0 .8 7  "
II II (15A) 0 .8 6  "
Form aldehyde 
p roduced  
a f t e r  5 h r .
0 .3 2  mol.
A t r i o l  p h e n y lb o r o n a te  p h e n y lc a rb a m a te  p ro d u ce s  a  m ono-O -carbam oyl- 
t r i o l  and p h e n y lb o ro n ic  a c i d  on h y d r o l y s i s .  The s t r u c t u r e  o f  t h e  
m o n o - s u b s t i t u t e d  t r i o l  c o n t a i n s  a  d i o l  sy s tem  p r e v i o u s l y  o c c u p ie d  
by th e  p h e n y lb o ro n a te  m o ie ty .  I f  t h e  b o r o n a te  r i n g  i s  f ive -m em bered , 
a  1 , 2- d i o l  i s  p roduced  w hich  consumes one m o la r  r a t i o  o f  p e r i o d a t e  
and when one o f  t h e  h y d ro x y l  g roups  i s  p r im a ry ,  fo rm a ldehyde  ( l  mol.) 
i s  p ro d u c e d .
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C onsum ption o f  p e r i o d a t e  and fo rm a t io n  o f  fo rm aldehyde  i n  
amouuits c o r r e s p o n d in g  t o  f r a c t i o n s  o f  a  m o la r  r a t i o  must i n d i c a t e  
t h a t  t h e  p h e n y lb o ro n a te  p h e n y lc a rb a m a te s  a r e  m ix tu re s  o f  i s o m e rs .
I f  t h e  p h e n y lb o r o n a te s  o f  t r i o l s  to o  a r e  i s o m e r ic  m ix t u r e s ,  i t  
i s  d e s i r a b l e  n o t  o n ly  t o  know w hich  i so m e rs  t h e y  c o n t a i n  b u t  a l s o  
i n  what p r o p o r t i o n s .  T h is  i n f o r m a t io n  i s  n o t  ded u e a b le  from th e  
r e s u l t s  o f  p e r i o d a t e  o x i d a t i o n s ,  s in c e  a  q u a n t i t y  o f  t h e  p h e n y l­
c a rb a m a te  rem a in s  i n  t h e  m other  l i q u o r  on r e c r y s t a l l i s a t i o n  and 
y i e l d s  seldom  e x ceed  6C^. I n  a d d i t i o n ,  i m p u r i t i e s  such  a s  t r i - 0 -  
p h e n y lc a rb a m o y l  t r i o l s  must be removed d u r i n g  r e c r y s t a l l i s a t i o n  and 
t h i s  i s  o f t e n  d i f f i c u l t  due t o  s i m i l a r i t y  o f  s o l u b i l i t i e s .  The 
r e s u l t  i s  t h a t  t h e  p e r c e n t  n i t r o g e n  a n a l y s i s  f i g u r e s  a r e  h ig h  i n  
some c a s e s  ( e . g . r i b o - p e n t a n e - 2 , 3 , 4 - t r i o l  p h e n y lb o ro n a te  p h e n y l­
c a rb a m a te )  due t o  t h e  p r e s e n c e  i n  t h e  .sample o f  a  s m a l l  amount o f  z  
compound w hich  i s  r e s i s t a n t  t o  p e r i o d a t e  o x i d a t i o n .  I t  i s  t h u s  
d e s i r a b l e  t o  d e v e lo p  more r e l i a b l e  c h e m ic a l  m ethods f o r  a s s ig n m e n ts  
o f  s t r u c t u r e s  t o  t h e s e  p h e n y lb o r o n a te s .
( i v )  M é th y la t i o n  o f  h y d ro x y l  g roups  o f  p h e n y lb o r o n a te s .
F o rm a t io n  o f  t h e r m a l l y  s t a b l e ,  v o l a t i l e  d e r i v a t i v e s  i s  r e q u i r e d  
i n  o r d e r  t h a t  g a s - l i q u i d  ch ro m a to g rap h y  may be p e rfo rm e d .  The iso m e rs  
may t h e n  be s e p a r a t e d  and t h e i r  p r o p o r t i o n s  d e te r m in e d .  P r e p a r a t i o n  
o f  t h e  d e r i v a t i v e  u n d e r  c o n d i t i o n s  ( e . g . ambient, t e m p e ra tu re  o r  be low ) 
which re d u c e  th e  p o s s i b i l i t y  o f  i s o m é r i s a t i o n  o f  t h e  p h e n y lb o ro n a te  
would be an  a s s e t .
M ethyl e t h e r s  e x h i b i t  t h e  p r o p e r t i e s  o f  v o l a t i l i t y  and th e r m a l  
s t a b i l i t y  r e q u i r e d  f o r  g a s - l i q u i d  ch rom a tog raphy  and hence  m ethoxy l 
d e r i v a t i v e s  o f  c a r b o h y d r a te s  have been  u s e d  s u c c e s s f u l l y  f o r  a n a l y s i s
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o f  s u g a r s  o v e r  a  p e r i o d  o f  many y e a r s .  A t tem p ts  a t  fo rm in g  m eth y l
e t h e r s  o f  h y d ro x y l  g ro u p s  o f  p h e n y l b o r o n a t e s ^ ^ u s i n g
s i l v e r  o x id e  and m e th y l  i o d id e  ( th e  method o f  P u rd ie  and I r v i n e ^ ^ )
i n  N ,N-dimethylformamide^*^^ have  so f a r  been  u n s u c c e s s f u l .  W ater
25i s  p roduced  a s  t h e  r e a c t i o n  p r o c e e d s ,  and i t  h a s  been  p o s t u l a t e d  , 
t h a t  t h i s  c l e a v e s  th e  p h e n y lb o r o n a te  r i n g .
EOH + CH 1 ROCH^ + HI
2H1 + AggO = 2Agl + H O
A p ro c e d u re  w hich a f f o r d s  m e th y l  e t h e r s  w i th o u t  p ro d u c in g  w a te r
u s e s  d iazom ethane  w i th  bo ro n  t r i f l u o r i d e  e t h e r a t e  a s  a  c a t a l y s t .
102The m ethod h a s  been  a p p l i e d  s u c c e s s f u l l y  t o  p e n ta n o l s  and a c e t y l a t e d
c a r b o h y d r a te s 103 , 104  ^ I t  h a s  been  s u g g e s te d ^ ^ ^  t h a t  t h e  r e a c t i o n
mechanism i s  s i m i l a r  t o  t h a t  o r i g i n a l l y  p ro p o se d  by M eerwein and
105H in tz  f o r  c a t a l y s i s  by a l k o x i d e s ,  v i z ;
ROH + BP- R-S-H CHgNg R- 5 - c h .
-BP_ -BP.
BP^ + ROCH
A c o m p e t in g  r e a c t i o n ,  t h e  bo ron  t r i f l u o r i d e  c a t a l y s e d  p o l y m e r i s a t i o n  
o f  d iazom ethane  t o  g iv e  p o ly m e th y le n e ^ ^ ^ ,  a l s o  o c c u r s .
U s in g  s i m i l a r  r e a c t i o n  c o n d i t i o n s  t o  t h o s e  u s e d  by Gros e t . a l . ^ ^ ^ '^ ^ ^ ,  
D -g lu co se  b i s - p h e n y lb o r o n a t e  was m e th y la te d  (E x p t .  39) by th e  a u th o r  
and  upon c le a v a g e  o f  t h e  b o r o n a te  r i n g  and  rem oval o f  p h e n y lb o ro n ic  
a c i d ,  6 - 0 - m e t h y l - j ^ g l u c ose was o b t a i n e d  i n  a  36^ y i e l d ,  from B - g lu c o s e .
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The c la im  t h a t  t h e  s t r u c t u r e  o f  t h e  b o r o n a te  i s  a -D -g lu c o fu r a n o s e
211 ,2 ;  3 , 5 - h i s - p h e n y l b o r o n a t e  ( F ig .  17 -19 )  was t h u s  s u p p o r te d .  O th e r  
m ethods o f  p r e p a r a t i o n  had  o b ta in e d  6 -0 -m e th y 1 -D -g lu c ose in  a  14^  
y i e l d  v i a  t h r e e  i n t e r m e d i a t e s  from  D-glucose^^"^.
r—OH
i-Ph
P i g .  17-19
The p h e n y lb o r o n a te s  o f  t r i o l s  were s i m i l a r l y  t r e a t e d  w i th
d iazom ethane  i n  d ic h lo ro m e th a n e  a t  - 5 °  (E x p t .  4 0 ) . R e a c t io n  t im e s
were s h o r t ,  (30 min.) and monomethyl e t h e r s  o f  t r i o l  p h e n y lb o r o n a te s
were form ed i n  e x c e l l e n t  y i e l d  (8 3 -1 0 0 ^ ) .  The compounds were
h y d r o ly s e d  w i th  w a te r ,  and p h e n y lb o ro n ic  a c i d  c o n v e r t e d  t o  bromobenzene
107by a d d i t i o n  o f  brom ine w a te r  . The r e s u l t i n g  t r i o l  monomethyl
e t h e r s  were a c e t y l a t e d  and a n a ly s e d  by g a s - l i q u i d  c h ro m a to g rap h y ,
( p .P .E .  1 1 0 -1 5 0 ° ) .  R e l a t i v e  p r o p o r t i o n s  and r e t e n t i o n  volum es o f
com ponents a r e  shown i n  T ab le  1 7 -5 .  T r i - O - a c e t y l  t r i o l s  a r e
p r o d u c t s  o f  u n r e a c t e d  p h e n y lb o r o n a te s .  U n re a c te d  m a t e r i a l  w i l l
c o n t a i n  an  e x c e s s i v e  amount o f  a  s e c o n d a ry  a l c o h o l  compared w i th
a  p r im a ry  a l c o h o l  s in c e  t h e  l a t t e r  r e a c t s  s l i g h t l y  f a s t e r  w i th  .
102d iazom ethane  t h a n  th e  fo rm e r  . F o r  c a t a l y s i s  by bo ro n  t r i f l u o r i d e  
102i n  e t h e r  ( i s o m e r i c  p e n ta n o l s )  t h e  r e l a t i v e  r a t e s  o f  m é t h y la t io n  
were i n  t h e  o r d e r  p r im a ry  ; s e c o n d a ry  = 1 .0 9  ' 1 i n d i c a t i n g  low
74
s e l e c t i v e l y  o f  th e  r e a g e n t .  Hence, i t  i s  u n l i k e l y  t h a t  c o n v e r te d  
and u n c o n v e r te d  m a t e r i a l  w i l l  have w id e ly  d i f f e r i n g  i s o m e r ic  
c o m p o s i t io n s .
In  some c a s e s ,  a l l  p o s s i b l e  monomethyl e t h e r s  o f  t h e  t r i o l  had  
been  fo rm ed , e . g . L- e r y t h r o - b u t a n e - 1 , 2 , 3 - t r i o l  p h e n y lb o ro n a te  had  
form ed a  m ethy l  e t h e r  o f  t h e  h y d ro x y l  g ro u p s  a t  p o s i t i o n s  1 ,2  and 
3 . The i d e n t i t y  o f  each  component was e s t a b l i s h e d  by c o u p l in g  th e  
g a s - l i q u i d  ch ro m a to g rap h  to  a  mass s p e c t r o m e te r .
(v )  Combined g a s - l i q u i d  ch ro m a to g rap h y  -  mass s p e c t r o m e t r y  o f  m ethy l  
e t h e r s  d e r i v e d  from  p h e n y lb o r o n a te s  o f  t r i o l s .
C h a r a c t e r i s a t i o n  o f  an  unknown compound by g a s - l i q u i d  ch rom a tog raphy  
i s  e f f e c t e d  by co m p ar iso n  o f  i t s  r e t e n t i o n  volume (RV) w i t h ,  t h a t  o f  
a  compound b e l i e v e d  t o  b e lo n g  t o  th e  same g roup  ( e . g . a l d i t o l  a c e t a t e s ) .  
T h is  p ro c e d u re  r e q u i r e s  s y n t h e s i s  o f  th e  s u s p e c te d  compound f o r  
c o m p a ra t iv e  a n a l y s i s .
A d d i t io n  o f  a  mass s p e c t r o m e te r  t o  t h e  d e t e c t i o n  sy s tem  o f  a  
g a s - l i q u i d  c h ro m a to g ra p h  o b v i a t e s  t h i s  n e c e s s i t y .  A m ix tu re  may 
be s e p a r a t e d  i n t o  com ponents and a  mass spec trum  o f  e a ch  o b t a i n e d .
I f  t h e  mass s p e c t r a  can  be a n a ly s e d  s u c c e s s f u l l y ,  t h e  i d e n t i t i e s  
o f  com ponents w hich have n e v e r  been  p r e v i o u s l y  p r e p a r e d  may be 
e s t a b l i s h e d .
Combined g a s - l i q u i d  ch rom atog raphy  -  mass s p e c t r o m e t r y  o f  a c e t a t e s  
o f  p a r t i a l l y  m e th y la te d  a l d i t o l s  h a s  been  p io n e e r e d  by L in d b e rg  and 
c o -w o rk e rs  ^08,109^ By a n a l y s i s  o f  a  l a r g e  number o f  mass s p e c t r a  
o f  such  compounds, t h e  e l e c t r o n  im pact in d u ce d  f r a g m e n t a t i o n  p a t t e r n  
by which a l l  m o le c u la r  io n s  o f  a l d i t o l  a c e t a t e s  f ra g m en t  h a s  been  
d ed u ced .  The p r o c e s s e s  i n v o lv e d  a r e  now u n d e r s to o d  and  th e  f ra g m e n ts  
w hich  w i l l  be p roduced  by a  p a r t i c u l a r  s t r u c t u r e  c an  be p r e d i c t e d .
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The f r a g m e n t a t i o n  o f  a l d i t o l  a c e t a t e s ,  e . g . B - g l u c i t o l  h e x a a c e t a t e ,  
i s  e a s i l y  i n t e r p r e t e d ,  a s  d e m o n s t ra te d  hy C hizhov  e t . a l .^ ^ ^ * ^ ^ ^ .
The main peaks  o f  t h e  mass sp e c tru m  c o r r e s p o n d  t o  i o n s  form ed hy 
p r im a ry  f i s s i o n  be tw een  two a d j a c e n t  c a rb o n  atoms i n  t h e  c h a in  and 
t o  t h o s e  a r i s i n g  by e l i m i n a t i o n  o f  a c e t i c  a c i d  (^^e  60) o r  k e te n e  
4 2 ) from  t h e s e  p r im a ry  f r a g m e n ts .  The i n t e n s i t i e s  o f  t h e  
f r a g m e n ts  d e c r e a s e  w i th  i n c r e a s i n g  mass number. A deoxy group 
i n h i b i t s  t h e  c l e a v a g e  o f  t h e  n e ig h b o u r in g  b o n d s ,  a s  e x e m p l i f i e d  by 
t r i - O - a c e t y l - b u t a n e - 1 , 2 , 4 - t r i o 1 ( F ig .  1 7 - 2 0 ) .
159
CH_ -  O.CG.CH-
CH -  O.CG.CH.
CH.
CH.. -  O.CG.CH-
F i g .  17-20
Mass s p e c t r a  o f  i s o m e r ic  a l d i t o l  a c e t a t e s  h a v in g  th e  same s t r u c t u r e  
b u t  d i f f e r e n t  c o n f i g u r a t i o n s  &re p r a c t i c a l l y  i n d i s t i n g u i s h a b l e  
e . g . r i b o - ,  L- a r a b i n o -  and x y l o - p e n t a n e - 2 , 3 , 4 - t r i o l  a c e t a t e s .  A 
s y s t e m a t i c  i n v e s t i g a t i o n  o f  mass s p e c t r a  o f  p a r t i a l l y  m e th y la te d  
a l d i t o l  a c e t a t e s  h a s  l e d  t o  t h e  f o l l o w i n g  g e n e r a l i s a t i o n s ;
1 . D e r i v a t i v e s  w i th  t h e  same s u b s t i t u t i o n  p a t t e r n  g iv e  v e r y  s i m i l a r  
mass s p e c t r a ,  t y p i c a l  o f  t h a t  s u b s t i t u t i o n  p a t t e r n .  The s m a l l  
d i f f e r e n c e s  t h a t  may be o b s e rv e d  i n  th e  r e l a t i v e  i n t e n s i t i e s  o f  peaks  
f o r  s t e r e o i s o m e r s  a r e  i n s u f f i c i e n t  f o r  unambiguous I d e n t i f i c a t i o n .
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2. The b a se  peak o f  t h e  sp ec tru m  i s  u s u a l l y  '^'^e 43, C^H^O.
3 . P r im ary  f ra g m e n ts  a r e  form ed by f i s s i o n  betw een c a rb o n  atoms i n  th e  
c h a in .  F i s s i o n  be tw een  a  m e th o x y la te d  and an a c e t o x y l a t e d  c a rb o n
i s  p r e f e r r e d  o v e r  f i s s i o n  be tw een  two a c e t o x y l a t e d  c a r b o n s .  The 
f ra g m en t  w i th  t h e  m ethoxy l g roup  c a r r i e s  t h e  p o s i t i v e  c h a r g e .  The 
a l d i t o l  a c e t a t e s  d e r i v e d  from  1 -0 -m e th y l ,  2 -0 -m e th y l  and  3 - 0 -m e th y l -  
b u t a n e - 1 , 2 , 3 - t r i o l  may be u s e d  a s  exam p les ,  F ig .  17 -2 1 .  The
45 CHg OCH
CH O.CO.CH3
CH O.CO.CH.
CH.
131
CHg O.CO.CH
CH OCH.
CHO.CO.CH.
CH.
1 1 7
59
CHgO.CO.CH
CH O.CO.CH
3
CH OCH
3
CH.
F i g .  17-21
io n s  form ed by o t h e r  s u b s t i t u t i o n  p a t t e r n s  may be found i n  
T ab le  1 7 -6 .
4 .  S econdary  f ra g m e n ts  a r e  form ed from th e  p r im a ry  by s i n g l e  o r  
c o n s e c u t iv e  e l i m i n a t i o n  o f  a c e t i c  a c i d  6 0 ) ,  k e te n e  ('^^e 4 2 ) ,
m e th a n o l  (™/e 3 2 ) o r  fo rm aldehyde  ('^'^e 6 0 ) .
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T ab le  IV -6 . P r im a ry  f ra g m e n ts  ( > 1 0 ^  o f  t h e  b ase  peak) i n  
t h e  mass s p e c t r a  o f  a c e t a t e s  o f  p a r t i a l l y  m e th y la te d  t r i o l s .
P r im ary  f ra g m e n ts
P a r e n t  a l c o h o l  < 4 5  < 5 9  < 8 7  < 1 1 7  < 1 3 1  " / e l 4 5  < 1 5 9
g l y c e r o l  X
1 - 0 - m e th y l -  " X
2 - 0 - m e th y l -  " X
b u t a n e - 1 , 2 , 4 - i r i o l  X
1 -0 -m e th y l -  ” X
2- 0- m e th y l -  " X X
4 - 0 - m e th y l -  " X  X
b u t a n e - 1 , 2 , 3 - t r i o i  X X
1 - 0 - m e th y l -  " X
2- 0—^me t  hy  1— " X X
3 - 0 - m e th y l -  " X
p e n t a n e - 2 , 3 , 4 - t r i o l  X X
2 - 0 - m e th y l -  " X
3 - 0 - m e th y l -  " X
p e n t a n e - l , 3 , 5 - t r i o l  X
1 - 0 - m e th y l -  " X
3“ m e th y l— ** X
The v a l i d i t y  o f  t h e  r u l e s  s t a t e d  a bove , when a p p l i e d  t o  
r a o n o -O -m e th y l-d i -O -a c e ty l  t r i o l s ,  was s u b s t a n t i a t e d  by p r e p a r i n g  
1- 0-m e th y 1- g l y c e r o l  d i a c e t a t e  and  2- 0-m e th y 1- g l y c e r o l  d i a c e t a t e .  
I n s p e c t i o n  o f  t h e i r  mass s p e c t r a  r e v e a l e d  t h a t  t h e  p r im a ry  f ra g m e n ts
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form ed were e  45 and ™' e^ 117, r e s p e c t i v e l y  (T ab le  I V - 6 ) .  I t  
was t h u s  p o s s i b l e  t o  d e te rm in e  th e  s u b s t i t u t i o n  p a t t e r n  o f  
m o n o -O -m e th y l -d i -O -a c e ty l  t r i o l s  by a n a l y s i n g  t h e i r  mass s p e c t r a  
a c c o r d in g  to  t h e  p r i n c i p l e s  o u t l i n e d  above .
The i s o m e r ic  m o d i f i c a t i o n s  o f  b o r o n a te  r i n g  s i z e s  w hich e x i s t  in  
p h e n y lb o r o n a te s  o f  t r i o l s  were deduced  from  th e  s t r u c t u r e s  o f  t h e  
m o n o -O -m e th y l -d i -O -a c e ty l  t r i o l s .  C o m p o s it io n s  o f  t h e  m ix tu re s  o f  
i so m e rs  were e s t i m a t e d  from th e  g a s - l i q u i d  chrom atogram s (T ab le  IV -5 ) ,  
and were found  t o  be v e ry  s i m i l a r  f o r  t h e  d i s t i l l e d  and r e s i d u a l  
b o r o n a t e s .  These f i g u r e s  were t h u s  combined i n  t h e  t o t a l  p r o d u c t s  
(T a b le  I V - 7 ) .
T ab le  IV -7 .  S t r u c t u r e s  o f  p h e n y lb o r o n a te s  o f  t r i o l s .
S t r u c t u r e s  a s s i g n e d  t o  ph en y lb o ro i  a t e s  o f  t r i o l s
G ly c e ro l
B u t a n e - 1 ,2 , 4 - t r i o l
L - e r y t h r o - B u t a n e - 1 , 2 , 3 - t r i o l
r i b o - P e n t a n e - 2 , 3 , 4 - t r i o l
«I II II
L- a r a b i n o - P e n t a n e - 2 , 3 , 4 - t r i o l  
x y l o - P e n t a n e - 2 ,3 , 4 - t r i o l  
P e n t a n e - l , 3 , 5 - t r i o 1
1 ,2-
1 . 3 -  
1 , 2-
2 . 4 -  
1 , 2-
1 . 3 -
2 . 3 -
2 . 3 -
2 . 4 -
2 . 3 -  a n d /o r  3 ,4 '
2 . 3 -
1 . 3 -
p h e n y lb o ro n a te
Isom er  
r ^ t i o  in  
p ro d u c t
/
/
13
/
/
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IV-D S t r u c t u r a l  assiOTiments
The r e s u l t s  w hich e a c h  m ethod h a s  p ro d u ced  a r e  com plem en tary .
Mass s p e c t r o m e t r y  ( i )  p ro v e d  t o  he m o d e r a te ly  s u c c e s s f u l  in  
d e te r m i n in g  th e  s t r u c t u r e  o f  t h e  m ajo r  component o f  e a c h  p h e n y l -  
h o r o n a t e .  P e r i o d a t e  o x i d a t i o n  o f  p h e n y lc a rb a m a te  d e r i v a t i v e s  
( i i i )  was a  more r e l i a b l e  m ethod, b u t  i n  some c a s e s  e . g . b u t a n e -  
1 , 2 , 4 - t r i o l  p h e n y lb o r o n a t e , was u n a b le  t o  d e c id e  t h e  s t r u c t u r e  i n  
f a v o u r  o f  t h e  1 , 3 -  o r  1 , 4 - p h e n y l b o r o n a t e ,  The m ethod was a b l e ,  
how ever ,  t o  i n d i c a t e  a  m ix tu re  o f  i s o m e r ic  p h e n y lb o r o n a te s b y  non­
i n t e g r a l  c o n su m p tio n  o f  p e r i o d a t e .
Both  m ethods p ro d u ce d  e v id e n c e  w hich  e s t a b l i s h e d  th e  p r e s e n c e  
o f  a  d a t i v e  bond i n  t h e  s t r u c t u r e  o f  c e r t a i n  compounds. Such a  
bond was d i s c o v e r e d  t o  e x i s t  i n  p e n t a n e - l , 3 , 5 - t r i o l  1 ,3 - p h e n y l -  
b o r o n a te  by a n a l y s i s  o f  i t s  mass sp e c tru m  ( P ig .  I V - l 8 ) .  An 
i n a b i l i t y  t o  form  a  p h e n y lc a rb a m a te  d e r i v a t i v e  o f  x y l o - p e n ta n e -
2 , 3 , 4 - t r i o l  2 ,3 - p h e n y lb o r o n a t e  may i n d i c a t e  t h e  p r e s e n c e  o f  a  d a t i v e  
bond i n  t h e  s t r u c t u r e  o f  t h i s  e s t e r  a l s o  ( F ig .  IV -2 2 ) .  S i m i l a r
CH
H-Ph
HCH
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s t r u c t u r e s  have been  p ro p o se d  p r e v i o u s l y  f o r  c i s , c i s - 1 , 2 , 3 -  
t r i o l  s y s te m s ^ ^ '^ ^ ^  b u t  f o r m a t io n  o f  a  t r a n s - a n n u l a r  0 — B d a t i v e  
bond a c r o s s  a  s ix -m em bered  b o r o n a te  r i n g  was p ro p o s e d .
Combined g a s - l i q u i d  ch ro m a to g rap h y  -  mass s p e c t r o m e t r y  (v )  o f  
m ethoxy l  d e r i v a t i v e s  was u n a b le  t o  p r o v id e  i n f o r m a t io n  c o n c e r n in g  
d a t i v e  b o n d in g .  However, s t r u c t u r e s  o f  a l l  com ponents o f  a  
m ix tu re  o f  i s o m e r ic  p h e n y lb o r o n a te s  and c o m p o s i t io n  o f  t h e  m ix tu re  
were d e te rm in e d  f o r  a l l  t h e  p h e n y lb o r o n a te s  o f  t r i o l s  by t h i s  
m ethod . R e s u l t s  o b t a i n e d  by o t h e r  m ethods s u p p o r t  t h o s e  o b t a i n e d  
by  t h i s  method ( v ) . The r e s u l t s  o b t a i n e d  w i th  r e s i d u e s  o f  
d i s t i l l a t i o n  were a lm o s t  i d e n t i c a l  w i t h  th o s e  o b t a i n e d  u s i n g  
p h e n y lb o r o n a te s  w hich  d i s t i l l e d .  C o n s e q u e n t ly ,  t h e  r a t i o  o f  
i s o m e r ic  p h e n y lb o r o n a te s  i n  t h e  p ro d u c t  (T a b le  IV -8) i s  a  w e ig h te d  
mean o f  t h e  r e s u l t s  o b t a i n e d  u s i n g  p h e n y lb o r o n a te s  w hich  d i s t i l l e d .
I n  t h e  c a s e s  o f  t h e  r e s i d u e s  o f  b u t a n e - 1 , 2 , 4 - t r i o l  p h e n y lb o r o n a te  
(12A) and L- a r a b i n o - p e n t a n e - 2 , 3 , 4 - t r i o l  p h e n y lb o r o n a te  ( l^A ) t h e  
mass s p e c t r a  showed no io n s  o f  mass g r e a t e r  t h a n  ^^e  192 and  '^^e 206 
r e s p e c t i v e l y .  I t  i s  p o s s i b l e  t h a t  th e r m a l  d e g r a d a t i o n  o f  a  po lym er 
t o  monomer i s  o c c u r r i n g .  The mass s p e c tru m  o f  t h e  r e s i d u e  o f  
x y l o - p e n t a n e - 2 , 3 , 4 - t r i o l  p h e n y lb o r o n a te  c o n t a i n s  i o n s  a t  h ig h  mass 
and  t h i s  compound must be a l s o  p o ly m e r ic .
An i n s p e c t i o n  o f  T a b le  IV-8 r e v e a l s  t h a t  t r i o l s  c o n t a i n i n g  a  
deoxy f u n c t i o n  p r e f e r e n t i a l l y  form  six -m em bered  p h e n y lb o r o n a te  r i n g s  
i f  a l l  s u b s t i t u e n t s  on th e  h e t e r o c y c l e  a r e  e q u a t o r i a l .  Thus 
b u t a n e - 1 , 2 , 4 - t r i o l ,  L- e r y t h r o - b u t a n e - 1 , 2 , 3 - t r i o l , r i b o - p e n t a n e - 2 , 3 , 4 -  
t r i o l  and p e n t a n e - l , 3 , 5 - t r i o l  l a r g e l y  from six -m em bered  p h e n y lb o ro n a te  
r i n g s .  I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  a  change o f  c o n f i g u r a t i o n
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from  r i b o -  Lo L - a r a b i n o -  o r  x y l o - p e n t a n e - 2 , 3 , 4 - t r i o l  d e s t a b i l i s e s  
th e  sy s te m , p resu m ab ly  by i n t r o d u c t i o n  o f  an a x i a l  s u b s t i t u e n t  
and  t h i s  i s  s u f f i c i e n t  t o  e n t i r e l y  p r e v e n t  f o rm a t io n  o f  a  â x -  
membered b o r o n a te  r i n g ,  F ive-m em bered  r i n g s  a r e  form ed i n  
s u b s t a n t i a l  amounts by L- e r y t h r o - b u t a n e - 1 , 2 , 3 - t r i o l ,  L- a r a b i n o -  
and x y l o - p e n t a n e - 2 , 3 , 4 - t r i o l s .  Among t h i s  s e r i e s ,  i t  may be
o b s e rv e d  t h a t  h e t e r o c y c l e s  w i th  two b u lk y  s u b s t i t u e n t s  i n  a  c i s -  
c o n f i g u r a t i o n  a r e  d e s t a b i l i s e d .  As a  r e s u l t ,  L- e r y t h r o - b u t a n e -
1 . 2 . 3 - t r i o l  fo rm s a  1 ,2 - p h e n y lb o r o n a t e  (28^)  t o  a  l a r g e r  e x t e n t  
t h a n  a  2 ,3 - p h e n y lb o r o n a t e  ( 8 ^ ) .  T h is  o b s e r v a t i o n  may o n ly  be 
c o m p le te d  by d e t e r m i n a t i o n  o f  t h e  s t r u c t u r e  o f  L- a r a b i n o - p e n ta n e -
2 . 3 . 4 - t r i o l  p h e n y lb o r o n a te .
None o f  t h e  m ethods ( i ) ,  ( i i i ) ,  (v )  i s  c a p a b le  o f  d e c id i n g  th e  
s t r u c t u r e  o f  L- a r a b i n o - p e n t a n e - 2 , 3 , 4 ' - t r i o l  p h e n y lb o ro n a te  i n  f a v o u r  
o f  t h e  2 , 3 -  o r  3 »4-p ti-e iiy lboronate . The i so m e rs  a r e  l i k e l y  t o  have 
i d e n t i c a l  mass s p e c t r a ,  form  p h e n y lc a rb a m a te  d e r i v a t i v e s  w hich consume 
1 m ol. o f  sodium p e r i o d a t e  and p roduce  m o n o -O -m e th y l -d i -O -a c e ty l  
t r i o l s  w i t h  i d e n t i c a l  mass s p e c t r a .  The a m b ig u i ty  may be removed 
by s y n t h e s i s  o f  1 -d ^ -L - l y x o - p e n t a n e - 2 , 3 , 4 - t r i o l  p h e n y lb o ro n a te  from 
L - a r a b in o se ( F ig .  IV -23) v i a  t h e  i n t e r m e d i a t e s : -  
L - a r a b i n o se  d i e t h y l d i t h i o a c e t a l ;
5 - 0 - t o l u e n e - £ - s u l p h o n y l - L - a r a b i n o s e  d i e t h y l d i t h i o a c e t a l ,  and
5 - d ^ - 5 - d e o x y - L - a r a b in o s e  d i e t h y l d i t h i o a c e t a l  .
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HC(SEt), HC(SEt), HC(SEt), CH.
—OH
HO—
HO—
TsCl HOH 
HOH
•—OH
-OH -OH
HO-
OTs
Ni/H_ HO—
HO—
-OH
CHgD CHgD
F i g .  IV-23
C o n v e rs io n  o f  t h e  p h e n y lb o r o n a te  t o  a  monomethyl t r i o l  d i a c e t a t e ,  
a s  d e s c r i b e d  on p . 73» f o l lo w e d  by o b s e r v a t i o n  o f  i o n s  a t  e i t h e r  
59» C^H^O, o r  ^^e  60 , C^H^DO, would i n d i c a t e  t h a t  L- a r a b i n o -  
p e n t a n e - 2 , 3 , 4 - t r i o l  fo rm ed  a  3 , 4 -  o r  2 ,3 - p h e n y lb o r o n a t e  r e s p e c t i v e l y ,  
( F i g .  IV -2 4 ) .
Ph-B
CH.
-OH
CHgB
CH^CO.O-
CH CO.O-
CH
— OCH3
CHgD
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CH_D
^  CHCO.l
CH.
CH.
— OCO.CH.
CHgB
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F ig . IV-24
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T a b l e  I V - 8 .
P a r e n t  t r i o l  P o s s i b l e  s t r u c t u r e s  o f  p h e n y lb o r o n a te s
pOH
U)H
WO
'^ B -P h
(5)
H_OH
-Ph
( 8)
CHgOH\
-P h
(13)
•Ph
CH
CHgOH
( 1)
HO-
HO-
rOH
(L- e r y t h r o -  ) HO" !-Ph
c h ( oh)CH" l-Ph
( 6) (3 )
)-Ph
CH
CH^OH
( 1)
OH
-OH ( r i b o - )  
■OH
HO
5
CH
(3)
-P h
î-Ph
CH
c h ( oh)
(1)
-OH H
HO- (L- a r a b i n o - ) CH 
HO- CH3
( 0 )
-Ph
CH
î-Ph
c h ( oh)
.
- 0.
Ph
3
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HO—
kOH
h-OH
( x y lo - )
CH
( 0 )
ÇH
1-Ph
H(0H)
CH
iPh
/  F ig u r e s  i n  p a r e n t h e s e s  a r e  r a t i o s  o f  iso m e rs  i n  t o t a l  p ro d u c t
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V S t r u c t u r e s  o f  P h e n y lb o ro n a te s  o f  T e t r i t o l s ,  P e n t i t o i s  and 
H e x i t o l s .
S t r u c t u r a l  s t u d i e s  on p h e n y lb o ro n a te  e s t e r s  have p r e v i o u s l y
been  c o n f in e d  t o  s u i t a b l e  s u b s t i t u t i o n  o f  f r e e  h y d ro x y l  g roups
i n  t h e  m o le c u le .  T h is  method can  p r o v id e  an unambiguous
s t r u c t u r e  o n ly  f o r  a  m onocyc lic  sy s te m . S in ce  p a r t i a l  h y d r o l y s i s
25o f  a l d i t o l  b i s -  and t r i s - p h e n y l b o r o n a t e s  h a s  p ro v ed  u n s u c c e s s f u l  , 
many o f  t h e i r  s t r u c t u r e s  rem a in  unknown.
I t  was c o n s id e r e d  t h a t  p a r t i a l  a l c o h o l y s i s  u s i n g  p r o p a n e - 1 ,3 -  
d i o l  m igh t g e n e r a te  mono- and b i s - p h e n y lb o r o n a t e s  from th e  t r i s -  
p h e n y lb o r o n a te s  o f  h e x i t o l s .  In d e e d ,  when a  r e a c t i o n  m ix tu re  
o b t a i n e d  from one mole o f  p r o p a n e - 1 ,3 - d i o l  and one mole o f  g a l a c t i t o l  
t r i s - p h e n y l b o r o n a t e  i n  p y r id i n e  was a n a ly s e d  by g . l . c .  ( t r i m e t h y l -  
s i l y l  e t h e r ,  S .E .3 0 ,  1 8 6 ° ) ,  i t  was found t h a t  c le a v a g e  o f  one 
b o r o n a te  r i n g  had  o c c u r r e d ,  p ro d u c in g  e s s e n t i a l l y  a  g a l a c t i t o l  
b i s - p h e n y lb o r o n a t e  (E x p t .  4 3 ) .  Use o f  two m oles  o f  p r o p a n e - 1 ,3 -  
d i o l  c le a v e d  two b o r o n a t e  r i n g s  t o  p roduce  e s s e n t i a l l y  a  g a l a c t i t o l  
m o n o -p h e n y lb o ro n a te .
S t r u c t u r e s  o f  t h e  p a r t i a l  a l c o h o l y s i s  p r o d u c t s  c o u ld  n o t  be 
d e te rm in e d  b u t  i f  t h e  r e a c t i o n  i s  s u c c e s s f u l  i n  rem oving  b o r o n a te  
r i n g s  s e l e c t i v e l y ,  a  m o d if ie d  t e c h n iq u e  may be u s e d  t o  d e te rm in e  
c o m p le te  s t r u c t u r e s .  The s t r u c t u r e s  o f  t h e  i n t e r m e d i a t e  g a l a c t i t o l  
b i s -  and  m o n o -p h e n y lb o ro n a te s  may be deduced  by a  sequence  o f  
r e a c t i o n s  w hich would c o n v e r t  them t o  p a r t i a l l y  m e th y la te d  a l d i t o l  
a c e t a t e s .  These may t h e n  be a n a ly s e d ,  a s  i n  t h e  p r e v io u s  c h a p t e r ,  
by a  c o m b in a t io n  o f  g a s - l i q u i d  ch rom a tog raphy  and mass s p e c t r o m e t r y  
and  a  s t r u c t u r e  i n d i r e c t l y  a s s ig n e d  t o  t h e  h e x i t o l  t r i s - p h e n y l b o r o n a t e ,
8?
R
3-Ph
3-Ph
( a )
/
Ph-B
B-Ph
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B-PhPh-B,
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Ph-B
——0
B-Ph
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F our  s t r u c t u r e s  f o r  p h e n y lb o r o n a te s  o f  a l d i t o l s  a r e  most 
w o r th y  o f  a t t e n t i o n  ( P ig .  V - l ) .  S e l e c t i o n  o f  t h e s e  f o u r  i s  
b a s e d  on two o b s e r v a t i o n s .  F i r s t l y ,  a  p r im a ry  h y d ro x y l  g roup  
a lw ays  rem a in s  f r e e  when a  p e n t i t o l  fo rm s a  b i s - p h e n y lb o r o n a t e '  
S e c o n d ly ,  m o n o -p h e n y lb o ro n a te  r i n g s  l a r g e r  t h a n  seven-membered 
have  n e v e r  b een  p r e p a r e d .
I t  was w i t h  t h e  aim  o f  d i r e c t l y  c o r r e l a t i n g  s t r u c t u r e  w i th  
f r a g m e n t a t i o n  p a t t e r n  u n d e r  e l e c t r o n  im pact t h a t  t h e  mass s p e c t r a  o f  
t h e  f o l l o w i n g  p h e n y lb o r o n a te s  o f  a l d i t o l s  were s t u d i e d : -
E r y t h r i t o l  b i s - p h e n y lb o r o n a t e  ( l 8 ) ,
L - T h r e i t o l  b i s - p h e n y lb o r o n a t e  ( 19 ) ,  
l - B e o x y - B - x y l i t o l  b i s - p h e n y lb o r o n a t e  (2 0 ) ,
R i b i t o l  b i s - p h e n y lb o r o n a t e  ( 2 l ) ,
B - A r a b i t o l  b i s - p h e n y lb o r o n a t e  ( 2 2 ) ,
X y l i t o l  b i s - p h e n y lb o r o n a t e  ( 2 3 ) ,
B - G l u c i t o l  t r i s - p h e n y l b o r o n a t e  ( 24 ) ,  
l - d ^ - D - G l u c i t o l  t r i s - p h e n y l b o r o n a t e  (24A),
G a l a c t i t o l  t r i s - p h e n y l b o r o n a t e  ( 2 5 ) ,  and 
B -M an n ito l  t r i s - p h e n y l b o r o n a t e  ( 26 ) .
V-A Mass s p e c t r o m e t r y .
Mass s p e c t r a  were o b t a i n e d  by  i n s e r t i n g  th e  sample d i r e c t l y  
i n t o  th e  " io n  s o u r c e " .  Abundant m o le c u la r  io n s  i n d i c a t e d  t h a t  
a l l  t h e  compounds s t u d i e d  were m onomeric. Mass s p e c t r a  may be 
fou n d  i n  t h e  a p p e n d ix .
( i )  H a l f  r u p t u r e .
I n  t h e  s p e c t r a  o f  a l l  t h e  compounds s t u d i e d ,  th e  b a se  peak 
o c c u r r e d  a t  e  147 , CgHgBO^, w hich  c an  be i n t e r p r e t e d  a s  a r i s i n g  
from  a  4 » 4 - b i s - l , 3 - d : . o x a b o r o l a n  ty p e  s t r u c t u r e ,  P ig .  V - l a .
B ased on p r e v io u s  e x p e r ie n c e  o f  m onocyc lic  sy s tem s  (Chap+er I I I ) ,  
f r a g m e n t a t i o n  would be e x p e c te d  t o  p ro c e e d  by c le a v a g e  o f  t h e  
bond l i n k i n g  th e  two d io x a b o r o l a n  r i n g s  ( P ig .  V -2 ) .  F ragm ents  
I ,  e  147 , CgHgBO^, and XXX, '^^e (146  + R) would t h e n  be fo rm ed .
I ,  147 
XXX, "^/e(l46+R)
R
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However, f r a g m e n ts  e  147 j CgHgBO^, may a l s o  he form ed by
a  m u l t i p l e  f i s s i o n  o f  b o n d s .  S t u d ie s  o f  c y c l i c  b e n z y l id e n e  
88a c e t a l s  o f  known s t r u c t u r e  have shown t h a t  a  p r o c e s s  c a l l e d  
" h a l f  r u p t u r e "  o c c u r s  u n d e r  e l e c t r o n  im pact i n  1 , 3 , 6 , 8- t e t r a -  
o x a b ic y c lo  [ 4 . 4 *0 ]  d e c a n e s ,  c a u s i n g  th e  m o le c u la r  io n  t o  b re a k  i n t o  
h a lv e s  by c le a v a g e  o f  t h r e e  b o n d s .  I f  t h i s  p r o c e s s  a l s o  o p e r a t e s  
i n  f u s e d  r i n g  c y c l i c  b o r o n a t e s ,  s t r u c t u r e s  o f  ty p e  (b )  ( P ig .  V - l )  
would p roduce  io n s  XXI, ^^e  147» CgHgBO^, and XXXI, ^ ^ e  (146  + R ) . 
The f r a g m e n t a t i o n  may be c o n s id e r e d  t o  be t r i g g e r e d  by  l o c a l i s i n g  
t h e  p o s i t i v e  c h a rg e  on an  oxygen atom a t t a c h e d  t o  C l  o r  04 
( P i g .  V - 3 ) .  Hence io n s  ^^ e  147 and ^'^e (146  +  R) may be p roduced  
from  b o th  s t r u c t u r e s  ( a )  and (b )  and would q u i t e  p r o b a b ly  be 
p ro d u ce d  from  s t r u c t u r e s  ( c )  and (d )  a l s o .  These i o n s  a r e  hence  
n o t  n e c e s s a r i l y  k e y  f r a g m e n ts  f o r  e l u c i d a t i o n  o f  s t r u c t u r e .
Ph-B'
R
B-Ph
Ph-B
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XXI, 147
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XXXI, (146  + R)/
-Ph
F i g .  V-3
( i i )  Double e l i m i n a t i o n . -
I t  h a s  been  o b s e rv e d  (C h a p te r  I I I )  t h a t  s ix -m em bered  b o r o n a te  
r i n g s  f ra g m en t  by  d o u b le  e l i m i n a t i o n  o f  an  a ld e h y d e  and an  o l e f i n  
t o  p roduce  V I, e  IO4 , C^H^BO, c f .  p r o p a n e - 1 ,3 - d i o l  p h e n y lb o r o n a te .  
A l t e r n a t i v e l y ,  doub le  e l i m i n a t i o n  o f  an a ld e h y d e  and  G^H^BO may 
y i e l d  an  i o n i s e d  o l e f i n  c f .  2 , 2 - d i m e t h y l p r o p a n e - l , 3 - d i o l  p h e n y lb o ro n a te  
The l a t t e r  f r a g m e n t a t i o n  i s  i l l u s t r a t e d  f o r  r i b o - p e n t a n e - 2 , 3 , 4 - t r i o l  
p h e n y lb o r o n a te  ( F ig .  V -4 ) .
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XXII, 58
F ig .V -4
I t  i s  l i k e l y  t h a t  doub le  e l i m i n a t i o n  a l s o  o c c u rs  i n  b i c y c l i c  
e s t e r s ,  i n  w hich  c a s e  t h e  f r a g m e n ts  e x p e c te d  from  compounds 
p o s s e s s i n g  two f u s e d  six -m em bered  r i n g s  a r e  XXXII, ^'^e ( l3 9  + R ) ; 
XXXIII, e 1 3 9 , CoHgBOg and XXXIV, ^ ^ e  I 6 0 , C H BO^ d e p e n d in g  
on t h e  l o c a l i s a t i o n  o f  c h a r g e .  I n d e e d ,  t h e  compounds s t u d i e d  
do g f t e  r i s e  t o  such  io n s  (T a b le  V - l ) .  I t  i s  t h u s  p ro p o se d  t h a t  
t h e y  f ra g m en t  a c c o r d in g  t o  t h e  schemes o f  F i g ,  V -3 .
T a b le  V - l ,  M ajor f r a g m e n ts  i n  t h e  mass s p e c t r a  o f  
a l d i t o l  p h e n y lb o r o n a te s  ( l S - 23 ) .
E s t e r R XXI
M ajor f r a g m e n ts  (^^ e )  
XXXI XXXII XXXIII
■A
XXXIV
1 8 , 1 9 , H 147 147 160 139 160
2 0 , CH3 147 161 174 139 160
2 1 , 2 2 , 2 3 , CHgOH 147 177 190 139 ■ 160
2 4 , 2 3 , 26 , 147 293 306 139 160
-Ph
9 2
Ph-B.
+ •
-PhBO
-H.CO .B-Ph
i-Ph
R
XXXII,
-R'
B-Ph
XXXIII
Ph-:
B-Ph
R
-PhBO
ECHO ■<>
XXXIV, e  160
F ig .  V-5
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In  some c a s e s ,  m e t a s t a b l e  i o n s  ( s e e  a p p e n d ix ) p ro v id e d  ev id e n c e  
t h a t  t h e  io n s  XXXII, (159  + R) ; XXXIII, I 5 9 , and XXXIV,
160 , were p ro d u ced  d i r e c t l y  from  th e  m o le c u la r  i o n s .  In  th e  
s p e c t r a  o f  t h e  p e n t i t o l  and h e x i t o l  p h e n y lb o r o n a te s  ( 21- 26 ) s t u d i e d ,  
t h e  abundances  o f  t h e  f ra g m en t  XXXII, e  ( l5 9  + R ) , were low.
I t  i s  p ro p o se d  t h a t  do u b le  e l i m i n a t i o n  and e l i m i n a t i o n  o f  th e  
r a d i c a l  R may t a k e  p l a c e  t o g e t h e r  and p roduce  XXXIII, e  159, 
d i r e c t l y  from  t h e  m o le c u la r  i o n .  T h is  p r o p o s a l  i s  s u p p o r te d  in  
t h e  c a s e s  o f  t h e  p e n t i t o l  b i s - p h e n y l b o r o n a t e s  ( 21- 23 ) ,  by m e t a s ta b le  
i o n s  a t  ^'^e l 8 . 0 .  D e fo c u s s in g  e x p e r im e n ts  s u p p o r te d  t h i s  a s s ig n m en t  
t o  t h e  m e t a s t a b l e  io n .  These e x p e r im e n ts  a l s o  p roved  t h a t  XXXIV,
'^^e 160 , was p ro d u ced  d i r e c t l y  from  th e  m o le c u la r  io n  g i v i n g  r i s e  
t o  a  m e t a s t a b l e  io n  a t  e  79»0* T h is  e v id e n c e  i s  p a r t i c u l a r l y  
v a l u a b l e  i n  t h e  c a s e s  o f  t h e  p e n t i t o l  b i s - p h e n y lb o r o n a t e s  a s  i t  
d e m o n s t r a te s  t h a t  t h e  p r o d u c t s  o f  d o u b le  e l i m i n a t i o n  a r e  n o t  p roduced  
from  an oxonium io n ,  w hich was found  t o  o c c u r  i n  t h e  c a s e s  o f  
p h e n y lb o r o n a te s  o f  t r i o l s  (C h a p te r  IV ) .
Thus, t h e  c r i t e r i o n  t h a t  an a l d i t o l  p h e n y lb o ro n a te  w hich u n d e rg o e s  
d o u b le  e l i m i n a t i o n  on e l e c t r o n  im pact p o s s e s s e s  two f u s e d  six-m em bered 
b o r o n a t e  r i n g s  may c o n f i d e n t l y  be u se d  t o  a s s i g n  s t r u c t u r e s .  The 
p re s e n c e  o f  f r a g m e n ts  XXXII, '^^e ( l 5 9  + R ) ; XXXIII, ^^e  159,
C^HqBO^, and XXXIV, q I 6 0 , i n  t h e  mass sp ec tru m  o f  such
an e s t e r  i s  s u f f i c i e n t  e v id e n c e  t o  a s s i g n  a  s t r u c t u r e  o f  ty p e  (b)
( F ig .  V - l )  r a t h e r  t h a n  s t r u c t u r e s  ( a ) ,  ( c )  o r  ( d ) .  These f ra g m e n ts  
were i d e n t i f i e d  i n  t h e  s p e c t r a  o f  t h e  p h e n y lb o r o n a te s  o f  a l d i t o l s  
by p r e c i s e  mass m easurem ents  and t h e i r  abundances  a r e  shown in  
T a b le  V-2. I f  t h e s e  i o n s  were a b s e n t  o r  i n  low abundance ( t h e  sum 
o f  abundances  ^ o f  XXXII + XXXIII + XXXIV<" 1 0 ^ )  ^ i t  was n o t
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p o s s i b l e  t o  i n f e r  any s t r u c t u r a l  i n f o r m a t io n  from th e  mass
sp e c t ru m . Thus th e  e s t e r s  (1 8 -2 5 )  were a s s ig n e d  s t r u c t u r e s
c o n t a i n i n g  two f u s e d  six-m em bered  p h e n y lb o ro n a te  r i n g s .  Double
e l i m i n a t i o n  a p p e a r s  t o  be a  g e n e r a l  f r a g m e n ta t io n  p r o c e s s  f o r
m o le c u le s  p o s s e s s i n g  two f u s e d  s ix-m em bered  h e t e r o c y c l e s  s in c e  a
s i m i l a r  f r a g m e n ta t io n  h a s  been  o b s e rv e d  t o  o c c u r  i n  1 , 3 , 6 , 8 -
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t e t r a o x a b i c y c l o  [ 4 .4 * 0 ]  d e c an e s
F ragm ents  147» CgHgBOp, and "^^e (146  + R), which a p p e a r
i n  t h e  s p e c t r a  o f  e s t e r s  ( 18- 2 5 ) must t h e r e f o r e  be p roduced  by
•h 
m/
" a l f  r u p t u r e " .  M e ta s ta b le  io n s  a t  '^'^e 7 3 .5  i n d i c a t e  t h a t  XXI,
e 1 47 f CgHgBO^, i s  p roduced  d i r e c t l y  from  th e  m o le c u la r  io n s  o f  
t e t r i t o l  b i s - p h e n y l b o r o n a t e s ,  ( F ig ,  V -3 ) .  When R = CH^OH ( p e n t i t o l  
b i s - p h e n y lb o r o n a t e s )  t h e  io n  XXXI, ^^e  177, C^H^^BO^, may r e a r r a n g e  
and e l i m i n a t e  fo rm aldehyde  t o  g iv e  th e  io n  XXXV, ^^e  147, CgHgBO^, 
( F ig .  V -6 ) .  T h is  p r o c e s s  g iv e s  r i s e  t o  a  m e t a s ta b le  io n  a t  
^^e  1 2 2 . I  f o r  t h e  c a s e s  o f  t h e  p e n t i t o l  b i s - p h e n y lb o r o n a t e s  (2 1 ,2 2  and 
2 3 ) .  The io n  XXI, ^^e  147 may r e a r r a n g e  t o  g iv e  t h e  h y d ro ca rb o n  
io n  I I I ,  e  9 1 , C^H^, and p ro d u c e s  a  m e t a s t a b l e  io n  a t  5 6 .3  
( F ig .  V -6 ) .
B-Ph
-HgCO
-Ph
+
XXXI, ^ / e  177 XXXV, “ 4  147
^ ^7^7
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XXI, 147 I I I ,  “4  91
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T ab le  V-2. Abundances o f  m ajo r  f ra g m e n ts  i n  th e  
mass s p e c t r a  o f  a l d i t o l  p h e n y lb o r o n a te s  ( 1 8 -2 6 ) .
Sum o f  abundances  o f  a l l  i s t o p i c  s p e c i e s  ^  %40
P a r e n t  a l d i t o l C ompound CgH^BO^r XXXI XXXII XXXIII XXXIV M
E r y t h r i t o l 18 1 5 .9 - - 6 .1 8 .9 13 .0
L - T h r e i t o l 19 21 .8 - - 10 .7 9 .7 10 .8
l -B e  o x y - B - x y l i t o l 20 4 . 0 16 .8 0 .2 6 .5 1 8 .0 14 .4
R i b i t o l 21 2 8 .0 2 .9 0 .0 7 .7 8 .7 8 .9
B - A r a b i t o l 22 3 3 .0 5 .4 0 .0 6 .8 7 .1 9 .8
X y l i t o l 23 3 5 .6 6 .9 0 .0 1 1 .9 5 .8 8 .0
D - G l u c i t o l 24 2 8 .2 4 .2 0 .2 11 .5 ^ 0 8 .6
G a l a c t i t o l 25 27 .7 2 .3 0 .2 12 .1 3 .7 13 .6
B -M an n ito l 26 6 1 .3 3 .6 0 .0 2 .3 0 .0 6 .4
/  sum o f  iorB I ,  XXI and XXXV.
V-B S t r u c t u r a l  a s s i g n m e n t s .
I t  h a s  b een  e s t a b l i s h e d  by mass s p e c t r o m e t r y  t h a t  t h e  
p h e n y lb o r o n a te s  o f  e i g h t  o f  t h e  a l d i t o l s  s t u d i e d  (1 8 -2 5 )  p o s s e s s  
s t r u c t u r e s  w hich  c o n t a i n  two f u s e d  six-m em bered  b o r o n a te  r i n g s .  In  
most c a s e s ,  t h i s  i s  s u f f i c i e n t  t o  d e te rm in e  th e  s t r u c t u r e  c o m p le te ly .  
However, i n  t h e  c a s e  o f  D - g l u c i t o l  t r i s - p h e n y l b o r o n a t e ,  two p o s s i b l e  
s t r u c t u r e s  a r i s e .  The p o s i t i o n  t o  w hich th e  r i n g s  a r e  a t t a c h e d  
may be 1 ,2 ;  3 , 5 ;  4 ,6  o r  1 ,3 ;  2 ,4 ;  5 ,6  ( F ig .  V -? ) .
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1 ,2 ;  3,5-; 4 ,6  1 ,3 ;  2 ,4 ;  5 ,6
t r i s - p h e n y l h o r o n a t e s
F i g .  V-7
The a m b ig u i ty  i n  s t r u c t u r e  was r e s o l v e d  i n  f a v o u r  o f  t h e  l a t t e r  
by o b t a i n i n g  th e  mass sp ec tru m  o f  1 - d ^ - D - g l u c i t o l  t r i s - p h e n y l b o r o n a t e  
( 24A). The f rag m en t  XXXIV (^^e  I 6 0 , i n  t h e  sp ec tru m  o f
D - g l u c i t o l  t r i s - p h e n y l b o r o n a t e )  had  i n c o r p o r a t e d  one d e u te r iu m  
atom and in  th e  sp e c tru m  o f  24A o c c u r r e d  a t  e  161, C^HgDBO^,
( F ig .  V -8 ) .  The fragments XXXII, 306, C^gH^^B^O^, and XXXIII,
^'^e 159 , O^HgBO^, were a l s o  p r e s e n t  i n  th e  sp e c tru m .
Ph-B'
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F ig .  v-8
The s t r u c t u r e  o f  t h e  h i s - p h e n y lh o r o n a t e  form ed hy P - a r a h i t o l  
c a n n o t  he a s s i g n e d  s o l e l y  u s i n g  mass s p e c t r o m e t r y .  The p o s i t i o n s  
o f  a t ta c h m e n t  o f  t h e  b o r o n a te  r i n g s  may be 1 ,3 ;  2 , 4 . o r  2 ,4 ;  3,5*
F o r t u n a t e l y ,  i t  h a s  a l r e a d y  been  e s t a b l i s h e d ^ ^  t h a t  L - I y x i t o l  form s 
a  b i s - p h e n y lb o r o n a t e  i n  w hich th e  h y d ro x y l  g roup  a t  C 5 i s  f r e e .
The s t r u c t u r e  must be t h e r e f o r e  L - l y x i t o l  1 ,3 ;  2 ,4 - b i s - p h e n y l b o r o n a t e ,  
The s t r u c t u r e s  o f  t h e  p h e n y lb o r o n a te s  (1 8 -2 5 )  a r e  i l l u s t r a t e d  in  
F i g .  V-9.
The abundances  o f  f ra g m e n ts  XXXll, XXXlll and XXXIV i n  t h e  mass 
sp e c tru m  o f  P -m a n n i to l  t r i s - p h e n y l b o r o n a t e  a r e  q u i t e  low and t o t a l  
o n ly  2 .3 ^ ,  hence  i t  i s  u n l i k e l y  t h a t  i t s  s t r u c t u r e  c o n ta i n s  two 
f u s e d  s ix-m em bered  b o r o n a te  r i n g s .  Such a  s t r u c t u r e  i s  u n l i k e l y
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f o r  c o n fo r m a t io n a l  r e a s o n s  a l s o .  R o t a t i o n  abou t  t h e  C2-C3 bond 
in  such  a  s t r u c t u r e  would be r e s t r i c t e d  by i n t e r a c t i o n  betw een  
t h e  h y d ro g e n 'a to m s  a t t a c h e d  to  C l  and 05 (F ig .  V -IO ).
I - P h
Ph
F ig .  V-10
I t  i s  p o s s i b l e  t h a t  t h e  s t r u c t u r e  o f  t h i s  compound may y e t  be 
d e te rm in e d  u s i n g  a  c o m b in a t io n  o f  t h e  t e c h n iq u e s  o f  p a r t i a l  
a l c o h o l y s i s  and m é t h y la t i o n ,  a s  d i s c u s s e d  on p . 86.
Thus, a  s im p le  m a s s - s p e c t r o m e t r i c  method has  been  d e v e lo p e d  
w hich i s  c a p a b le  o f  d e t e c t i n g j i n  th e  s t r u c t u r e  o f  a  m u l t i c y c l i c  
p h e n y lb o r o n a te ,  a  sys tem  c o n t a i n i n g  two f u s e d  six -m em bered  b o r o n a te  
r i n g s .  T h is  i n f o r m a t io n  p ro v ed  s u f f i c i e n t  t o  e n a b le  a s s ig n m e n t  o f  
co m p le te  s t r u c t u r e s  t o  e i g h t  a l d i t o l  p h e n y lb o r o n a te s  o f  p r e v i o u s l y  
unknown s t r u c t u r e .
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D - G lu c i to l  ( 24 ) L - G a l a c t i t o l  ( 2 5 )
1 ,3 ;  2 ,4 ;  5 > 6 -4 ; r i s - p h e n y lb o r o n a te s
P ig . P-9
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VI E x p e r im e n t a l .
P ap e r  C h ro m ato g rap h y .
Whatman N o . l  c h rom a tog raphy  p a p e r  was -used, w i th  th e  
f o l l o w i n g  s o lv e n t  s y s te m s ,  f o r  d e s c e n d in g  ch ro m a to g rap h y .
S o lv e n t  sy s tem  ( a ) :  n - b u t a n o l ,  e t h a n o l ,  w a te r ;  40 : 11 : 19 v / v .  
S o lv e n t  sy s tem  ( b ) ;  e t h y l  a c e t a t e ,  a c e t i c  a c i d ,  fo rm ic  a c i d ,  w a te r ;  
18 : 3 : 1 : 4  v / v .
S o lv e n t  sy s tem  ( c ) :  n - b u t a n o l ,  p y r i d i n e ,  w a te r ;  6 : 4 •' 3 v / v .
E l e c t r o p h o r e s i s .
The Shandon High V o l ta g e  E l e c t r o p h o r e s i s  a p p a r a tu s  was u s e d .  
Whatman N o .3 M  p a p e r ,  w id th  11 cm, was employed.
Sodium b o r a t e  e l e c t r o l y t e .
A 0 .2  M s o l u t i o n  o f  sodium b o r a t e  i n  w a te r  was a d j u s t e d  t o  
pH 1 0 .0  w i th  sodium h y d r o x id e .  E l e c t r o p h o r e s i s  was c a r r i e d  ou t 
a t  2 ,5 0 0  v o l t s  f o r  I .5  h r .  The n o n - m ig r a t in g  m a r k e r ,u s e d  t o  
c o r r e c t  f o r  e l e c t r o e n d o s m o s i s ,w a s  2 ,3 ,4 ,8 - te t r a - 0 - m e th y l - H ^ g T u c o 8 e ^ ^ ^ ,  
Sodium m o ly b d a te  and t u n g s t a t e  e l e c t r o l y t e s .
A 0 .1  M s o l u t i o n  o f  sodium m o ly b d a te  d i h y d r a t e  o r  sodium 
t u n g s t a t e  d i h y d r a t e  i n  w a te r  was a d j u s t e d  t o  pH 5 -0  by d ropw ise  
a d d i t i o n  o f  c o n c e n t r a t e d  s u lp h u r i c  a c i d .  E l e c t r o p h o r e s i s  was 
c a r r i e d  o u t  a t  1 ,5 0 0  v o l t s  f o r  2 .5  h r .  The n o n - m ig r a t in g  m arker  
was g l y c e r o l .  The p a p e r  was d r i e d  a t  120-130° and t r e a t e d  w i th  a  
s t a i n i n g  r e a g e n t .
S t a i n i n g  R e a g e n ts .
R eagen t 1 . : A f r e s h l y  p r e p a r e d  0 .2 ^  s o l u t i o n  o f  p o ta s s iu m
perm angana te  in  a c e to n e .  S ugars  and p o l y o l s  a p p e a r  a s  y e l lo w  s p o t s  
on a  p u r p le  b ackg round  w hich f a d e s  r a p i d l y ^ ^ ^ .
101
R eagen t 2 . : T hree  s o l u t i o n s  th ro u g h  w hich th e  p a p e r  i s  dipped
s u c c e s s i v e l y ,
a )  S a t u r a t e d  aqueous s i l v e r  n i t r a t e  s o l u t i o n  ( 2 .5  m l) and w a te r  
(10  ml) i n  a c e to n e  ($00 m l) .
h )  Sodium h y d ro x id e  (lO  g) and  w a te r  (50  ml) i n  e th a n o l  ($00 m l) ,  
c )  5^ aqueous sodium t h i o s u l p h a t e . S u g a rs  and p o l y o l s  a p p e a r  a s  
brown s p o t s  on a  w h i te  b a c k g ro u n d .
G a s - l i q u i d  c h ro m a to g ra p h y .
A P e rk in -E lm e r  P -11  ch ro m a to g ra p h ,  w i th  f lam e i o n i s a t i o n  
d e t e c t o r  and  g l a s s  colum ns (2 m x  4 mm) was u s e d ,  w i th  n i t r o g e n  as  
t h e  c a r r i e r  g a s .  When c o u p le d  t o  a  mass s p e c t r o m e te r ,  h e l iu m  
c a r r i e r  gas  was u se d  and a  r e d u c e d  f lo w  r a t e  was o b ta in e d  u s i n g  
g l a s s  colum ns o f  1 mm i n t e r n a l  d i a m e te r .  The f o l l o w i n g  s t a t i o n a r y  
phasec  were em ployed : -
P .P .E .  -  10^ w/w m -b is  (m-phenoxyphenoxy) benzene  on s i l a n e - t r e a t e d  
Chromosorb W (100-120  mesh)
S .E . - 3 0  ( a  m e th y l  s i l i c o n e )  3^ w/w on Gas Chrom P.
Mass s p e c t r o m e t r y .
The g a s - l i q u i d  c h ro m a to g ra p h  was c o u p le d  v i a  a  W atson-Biemann 
s e p a r a t o r  t o  a  H i t a c h i  RMS-4 mass s p e c t r o m e te r .  Mass s p e c t r a  o f  
p a r t i a l l y  m e th y la t e d  t r i o l  a c e t a t e s  were o b t a in e d  by o p e r a t i n g  th e  
" io n  s o u rc e "  a t  200°, ^ 0  e . v .  and SO yu.a. t a r g e t  c u r r e n t .
Mass s p e c t r a  o f  p h e n y lb o r o n a te s  were o b t a i n e d  u s i n g  a  A .E . I . - M .S .  
902 mass s p e c t r o m e te r  o p e r a t i n g  a t  7O e . v .  and 1 0 0 yU..a. t r a p  c u r r e n t ,  
I n f r a r e d  s p e c t r o s c o p y .
I n f r a r e d  s p e c t r a  o f  p h e n y lb o r o n a te s  o f  t r i o l s  were o b t a in e d  in  
d i l u t e  c a rb o n  t e t r a c h l o r i d e  s o l u t i o n  u s i n g  g l a s s  c e l l s  o f  4 cm p a th  
l e n g t h .  The s p e c t r a  were r e c o r d e d  u s i n g  a  P e rk in -E lm e r  325 g r a t i n g  
s p e c t r o m e te r .
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N u c le a r  m a g n e t ic  re s o n a n c e  s p e c t r o s c o p y .
C arbon-13  n u c l e a r  m ag n e t ic  r e s o n a n c e  s p e c t r a  were o b t a in e d  
u s i n g  a  Brulcer HPX-90 s p e c t r o m e te r  o p e r a t i n g  a t  22 ,63  MHz. lo ck e d  
t o  h e x a f lu o r o b e n z e n e . Samples were exam ined , a t  norm al w ork ing  
t e m p e r a t u r e ,  a s  n e a t  l i q u i d s  w i th  t e t r a m e t h y l s i l a n e  added  a s  t h e  
i n t e r n a l  r e f e r e n c e .
C arbon-13  n u c l e a r  m ag n e t ic  r e s o n a n c e  s p e c t r a  o f  
p h e n y lb o r o n a te s  o f  d i e I s .
Tu 4. -p C hem ical S h i f t  (ô )  r e l a t i v e  t o  t e t r a m e t h y l s i l a n eP h e n y lb o ro n a te  o f  / \ ^( p . p . m . ) + 0 .1  p .p .m .
E t h a n e - 1 , 2 - d i o l  - 1 3 5 .4
- 1 3 1 .7  
- 128.1 
-  66.0
P r o p a n e - 1 ,2 - d i o l  -135*5
- 131.6 
- 128.1  
-  7 4 .0
-  72 .7
-  21 .9
B u t a n e - 2 ,3 - d i o l  -135*3
- 131.6  
- 128.1
-  80.8 
-  76:0  
-  21 .1  
-  16.8
103
P h e n y lb o ro n a te  o f  C hem ical S h i f t  (ô )  r e l a t i v e  t o  t e t r a m e t h y l s i l a n e
( p . p .m . ) ± 0 . 1  p . p.m.
P r o p a n e - 1 ,3 - d i o l  -134*4
- 130.8 
- 127*6 
-  6 2 .0
-  27*7
B u t a n e - 1 ,3 - d i o l  -134*3
- 130.8
-127*9
-  67*9
-  61.5
-  34*5
-  23*2
P e n t a n e - 2 , 4 - d i o l  -134*5
- 1 3 0 .7
- 127 .8
-  6 8 .3
-  6 4 .8
-  42*7
-  3 9 .5
-  23*5
-  23*0
104
E x p t . 1 . P h o n y lb o ro n ic  a n h y d r i d e .
The p r e p a r a t i o n  o f  p h e n y lb o ro n  d i c h l o r i d e  i s  e s s e n t i a l l y  
t h e  same a s  t h a t  u s e d  by Burch e t . a l . B o r o n  t r i c h l o r i d e  
(50  g )  was c o o le d  in  a  c a r d i c e / a c e t o n e  m ix tu re  and pou red  on to  
t e t r a p h e n y l t i n  (45 g ) • The bo ron  t r i c h l o r i d e  was r e f l u x e d  
u s i n g  a  c o ld  f i n g e r ,  and , when t h e  r e a c t i o n  had s u b s id e d ,  th e  
m ix tu re  was h e a te d  a t  50° f o r  35 m in. The m ix tu re  was d i s t i l l e d  
u s i n g  a  s h o r t  f r a c t i o n a t i n g  column and a  f r a c t i o n  b o i l i n g  i n  
t h e  ran g e  172- 178° c o l l e c t e d .
An e q u a l  volume o f  c a rb o n  t e t r a c h l o r i d e  (30 ml) was added  and 
t h e  s o l u t i o n  added d ropw ise  t o  c r a c k e d  i c e  (300 ml) w i th  s t i r r i n g .  
The i c e  was a l lo w e d  t o  m el t  and th e  w h i te  a c i d  f i l t e r e d  o f f .  I t  
was r e c r y s t a l l i s e d  from w a te r  (100 ml) a f t e r  h o t  f i l t r a t i o n .
H e a t in g  a t  110° f o r  6 h r .  c o n v e r t e d  i'l t o  p h e n y lb o ro n ic  a n h y d r id e
( 1 6 .0  g , 33/0) ,  m .p . 218- 219° ,  l i t } ^ 7  m .p . 209- 214° .
E x p t .  2 . P r e p a r a t i o n  o f  p h e n y lb o r o n a te s  o f  d i o l s .
An e q u im o la r  m ix tu re  o f  t h e  d i o l  and p h e n y lb o ro n ic  a n h y d r id e  
was h e a t e d  i n  r e f l u x i n g  to lu e n e  f o r  8 h r .  u s i n g  a  Bean and S t a r k  
h e a d .  The r e s u l t i n g  s o l u t i o n  was e v a p o r a te d  u n d e r  re d u c e d  p r e s s u r e  
and t h e  r e s i d u a l  l i q u i d  d i s t i l l e d  in  v a c u o . P u r i t y  was e s t a b l i s h e d  
by e le m e n ta l  a n a l y s i s  and g a s - l i q u i d  c h ro m a to g rap h y .
E x p t . 3 , 2 , 3 - d^- B u t a n e - 2 , 3 - d i o l .
L i th iu m  alum inium  d e u t e r i d e  ( l .O  g) was added  t o  a  s o l u t i o n  o f  
b i a c e t y l  ( 3 .7  g )  i n  d r y  e t h e r  (50  ml) and th e  m ix tu re  a l lo w e d  t o  
s t a n d  16 h r .  The r e a c t i o n  m ix tu re  was worked up w i th  a  s a t u r a t e d  
aqueous  s o l u t i o n  o f  sodium s u l p h a t e ,  and th e  s o lv e n t  removed u n d e r  
r e d u c e d  p r e s s u r e .  The c ru d e  p ro d u c t  was i s o l a t e d  by c o n t in u o u s
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e x t r a c t i o n  w i th  d ic h lo r o m e th a n e . The e x t r a c t  was d i s t i l l e d  
u n d e r  r e d u c e d  p r e s s u r e  y i e l d i n g  2 , ^ - d ^ - h u t a n e - Z , 3- d i o l  ( I .48  g,
40^ )  as  a  f r a c t i o n  b o i l i n g  be tw een  52- 56° / ]  mun, n^^ = 1 . 4 3 1 .
E x p t . 4 • D-G lu co se  t o l u e n e - p - s u lp h o n y lh y d r a z o n e .
T o lu e n e - p - s u lp h o n y lh y d r a z id e  ( 2 5 .1  g) d i s s o l v e d  in  h o t  e th a n o l  
(200  ml) was added t o  D -g lu co se  ( 2 4 .3  g) d i s s o l v e d  in  a  h o t  m ix tu re  
o f  w a te r  (30  ml) and a c e t i c  a c i d  (30  m l ) .  The m ix tu re  was 
a l lo w e d  t o  c o o l  a t  20° f o r  12 h r .  W hite c r y s t a l s  o f  D -g lucose  
t o lu e n e - p - s u lp h o n y lh y d r a z o n e  (4 3 .4  g, 88^ )  were f i l t e r e d  o f f ,  washed 
w i th  e t h a n o l  and  e t h e r  and  d r i e d ,  m .p . 1 6 8 -170° ,  l i t } ^ ^  m .p . 170° .
E x p t . 5 . l -B eo x y -B- g l u c i t o l .
T h is  p r e p a r a t i o n  i s  e s s e n t i a l l y  t h e  same a s  t h a t  u s e d  by de B e id e r  
and W eige l^^ .  To a  s u s p e n s io n  o f  D -g lu co se  t o lu e n e - p - s u lp h o n y lh y d r a z o n e  
( 2 5 .0  g) i n  m eth an o l  ( 7OO ml) was a d d (d  g r a d u a l l y  p o ta s s iu m  b o ro h ÿ d r id e  
( 1 5 .0  g) and th e  m ix tu re  r e f l u x e d  12 h r .  M ethanol was removed by 
d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  and t h e  r e s i d u e  d i s s o l v e d  in  
w a te r  ( 5OO m l) .  The s o l u t i o n  was t r e a t e d  w i th  A m b e r l i te  lR -120 
(h"*") r e s i n  u n t i l  a  p o s i t i v e  t e s t  f o r  p o ta s s iu m  was no l o n g e r  o b t a in e d ,  
t h e  r e s i n  f i l t e r e d  o f f  and w a te r  removed by d i s t i l l a t i o n  u n d e r  
r e d u c e d  p r e s s u r e .  B o r ic  a c id  was removed by r e p e a t e d  d i s s o l u t i o n  
i n  m ethano l  and e v a p o r a t i o n .  The r e s i d u e  was a  y e l lo w  s y ru p ,  which 
on p a p e r  ch ro m a to g rap h y  i n  s o lv e n t  ( a )  r e v e a l e d  two components 
[Rq 2 .1  ( l - d e o x y - B - g l u c i t o l )  and R^ 1 .0  ( B - g l u c i t o l ) ] .
The s y ru p  was d i s s o l v e d  i n  n - b u ta n o l  s a t u r a t e d  w i th  w a te r  (70  ml) 
and a p p l i e d  t o  a  c e l l u l o s e  column ( 7*5 cm x  80 cm) w hich was e l u t e d  
w i th  t h e  same s o l v e n t .  F r a c t i o n s  (25  ml) were c o l l e c t e d .  F r a c t i o n s  
209-290  were combined and e v a p o ra te d  t o  g iv e  a  w h i te  s o l i d  on 
t r i t u r a t i o n  w i th  e t h a n o l .  R e c r y s t a l l i s a t i o n  from e t h y l  a c e t a t e  y i e l d e d
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1- d e o x y - D - g l u c i to l  (4 . 8  g, 41^ ) ,  m .p . 128- 129° ,  l i t .  m .p.
128- 129° .
E x p t . 6 . Improved p r e p a r a t i o n  o f  l -d e o x y - B - g l u c i t o l .
To a  s u s p e n s io n  o f  D -g lu co se  to lu e n e - p - s u lp h o n y lh y d r a z o n e  
( 2 9 .0  g) in  d ry  m eth an o l  ( 8OO ml) was added p o ta s s iu m  b o ro h y d r id e  
( 1 9 .0  g) i n  s m a l l  p o r t i o n s  o v e r  a  p e r i o d  o f  48 h r .  The m ix tu re  
was t h e n  r e f l u x e d  f o r  24 h r .  and worked up i n  th e  same manner a s  
i n  t h e  p r e v io u s  e x p e r im e n t .  The r e q u i r e d  compound, 1 -deoxy-D - 
g l u c i t o l  ( 11 .8  g, 8 6 ^ ) ,  m .p . 128- 129° ,  was o b t a i n e d .
E x p t . 7 » D-X y lo se  t o l u e n e - p - s u lp h o n y lh y d r a z o n e .
T o lu e n e - p - s u lp h o n y lh y d r a z id e  (lO .O  g) was d i s s o l v e d  i n  h o t  
e t h a n o l  (80  ml) and added  t o  a  s o l u t i o n  o f  D -x y lo se  ( 8 .0  g) i n  a  
h o t  m ix tu re  o f  w a te r  (lO  ml) and a c e t i c  a c id  (lO m l) .  The m ix tu re  
was a l lo w e d  t o  c o o l  f o r  12 h r .  The c r y s t a l s  w hich  fo rm ed , were 
f i l t e r e d  o f f ,  washed w i th  e t h a n o l  and e t h e r  and  d r i e d  t o  y i e l d  
D -x y lo se  t o lu e n e - p - s u lp h o n y lh y d r a z o n e  ( I 6 .5  g , 9 2 ^ ) ,  m .p . 149-150° ,  
l i t . m . p .  149° .
E x p t . 8 . 1 - Ite oxy-D- x y l i t o l .
To a  s u s p e n s io n  o f  D -x y lo se  to lu e n e - p - s u lp h o n y lh y d r a z o n e  
( 8 .0  g) i n  d ry  m eth a n o l  ( 16O ml) was added  p o ta s s iu m  b o ro h y d r id e  
( 8 .0  g) i n  s m a l l  p o r t i o n s  o v e r  a  p e r i o d  o f  24 h r  . The m ix tu re  
was h e a t e d  a t  50° f o r  I 4  h r .  and th e n  worked up a s  i n  E xper im en t  6 . 
The r e q u i r e d  compound, 1 - d e o x y - D - x y l i t o l  ( 3 .0  g, 77%), + 3 .5 °
(c  1 .0  i n  m e th a n o l)  was o b t a i n e d  a s  a  p a le  y e l lo w  v i s c o u s  sy ru p  
w hich c o u ld  n o t  be in d u ce d  t o  c r y s t a l l i s e .  On a c é t y l a t i o n ,  a  t e t r a ­
a c e t a t e  m .p . 62 -63°  was o b t a i n e d ,  l i t . ^ ^  m .p . 62-63?
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E x p t . 9 • 1-D eox,y-2 ,4-Q~ b u t y l i d e n e -D~g‘l u c i t o l .
n -B u ty ra ld e h y d e  ( 3 .5  g )  and 1 - d e o x y - D - g l u c i to l  ( 8 .0  g) were 
d i s s o l v e d  in  w a te r  ( l6 0  ml) and 5 ^ - aqueous h y d r o c h l o r i c  a c i d  
(40  ml) was added . A f t e r  a l l o w i n g  t o  s t a n d  f o r  24 h r .  a t  room 
t e m p e r a t u r e ,  t h e  r e a c t i o n  m ix tu re  was n e u t r a l i s e d  w i th  aqueous 
sodium h y d ro x id e  and e v a p o ra te d  u n d e r  r e d u c e d  p r e s s u r e .  The 
s o l i d  r e s i d u e  th u s  p ro d u ced  was t r i t u i a t e d  w i th  warm e th a n o l  (200 m l) ,  
i n s o l u b l e  m a t e r i a l  f i l t e r e d  o f f  and th e  f i l t r a t e  e v a p o ra te d  t o  a  
s o l i d . r e s i d u e .  T h is  r e s i d u e  was le a c h e d  w i th  b o i l i n g  benzene (lOO ml) 
and th e  h o t  s o l u t i o n  d e c a n te d  i n t o  a n o th e r  v e s s e l  and a l lo w e d  to  
c o o l ,  whereupon a  c r y s t a l l i n e  d e p o s i t  s e p a r a t e d .  The c ru d e  
p ro d u c t  was f i l t e r e d  o f f  aid r e c r y s t a l l i s e d  tw ic e  from benzene  t o  
y i e l d  l - d e o x y - 2 , 4 - 0 - b u t y l i d e n e - D - g l u c i t o l  (4 .O g, 36%), m .p . 128-130° , 
[^^5461  (c 1 .0  i n  w a t e r ) ,  l i t . ^ " ^  m .p . 128- 130° ,  - 1 , 2 °
(c  0 .8  i n  w a t e r ) .
E x p t . 1 0 . 5~Dco x y -L -x y l o s e .
To a  s o l u t i o n  o f  l - d e o x y - 2 , 4 - 0 - b u t y l i d e n e - D - g l u c i t o l  ( I I .5  g) in  
sodium p h o s p h a te  b u f f e r  ( 25O m l, 0 .1  M, pH 7»4) was added , a t  0° 
w i th  s t i r r i n g ,  sodium m e ta p e r io d a t e  ( l 2 . 0  g ) . A f t e r  5 h r .  a t  0 ° ,  
t h e  s o l u t i o n  was f r e e z e - d r i e d .  The r e s i d u e  was e x t r a c t e d  w i th  c o ld  
c h lo ro fo rm  (4  x  100 ml) and th e  e x t r a c t s  e v a p o r a te d  u n d e r  r e d u c e d  
p r e s s u r e .
The r e s u l t i n g  c o l o u r l e s s  sy ru p  was d i s s o l v e d  i n  w a te r  (200 ml) 
and b o i l e d  w i th  A m b e r l i te  IR 120 (H^) r e s i n  (20 ml) f o r  2 h r .  The 
m ix tu re  was a l lo w e d  t o  c o o l ,  t h e  r e s i n  f i l t e r e d  o f f ,  and th e  f i l t r a t e  
e v a p o r a te d  to  a  c o l o u r l e s s  sy ru p  o f  5 - ^ 6 o x y -L -x y lo se  ( 6 .9  g,
R^ 2 .2 6  s o lv e n t  ( a ) .
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On r e d u c t i o n  w i th  sodium b o r o h y d r id e ,  a  p ro d u c t  was o b t a in e d  
which c o u ld  n o t  be d i s t i n g u i s h e d  from 1 - d e o x y - D - x y l i t o l ,  Mj (Mo)
1 . 0 9 . On a c é t y l a t i o n ,  an a c e t a t e  was form ed m .p. and mixed m .p.
62- 63° ,  l i t . ^ ^  m .p. 62- 6 3 .
E x p t .  11 . 5 -b^oxy- b - x y lo s e  t o l u e n e - p - s u lp h o n y lh y d r a z o n e .
T o lu e n e - p - s u lp h o n y lh y d r a z id e  (0 .9 3  g )  and 5 -d eo x y -L -x y lo s e  
( 0 .6 7  g) were d i s s o l v e d  i n  d ry  m eth a n o l  ( I 5 m l) and t h e  m ix tu re  
r e f l u x e d  f o r  30 m in. E v a p o r a t io n  u n d e r  r e d u c e d  p r e s s u r e  a f f o r d e d  
5-d e o x y -L -x y lo s e  t o lu e n e - p - s u lp h o n y l h y d r a z o n e , 4 .5 0  s o l v e n t  ( a ) ,
a s  a  s y ru p .
E x p t .  12 . R e d u c t io n  o f  5~deoxy-L - x y lo s e  t o l u e n e - p - s u lp h o n y lh y d r a z o n e .
To a  s o l u t i o n  o f  5 -d .eoxy -L -xy lo se  to lu e n e - p - s u lp h o n y lh y d r a z o n e  
( 0 .5 2  g) i n  d ry  m e th a n o l  (15  ml) was added  p o ta s s iu m  b o ro h y d r id e  
( 0 .5 2  g) i n  p o r t i o n s  o v e r  a  p e r i o d  o f  I 4  h r .  The m ix tu re  was 
r e f l u x e d  f o r  12 h r .  and  worked up i n  a  s i m i l a r  manner t o  t h a t  
d e s c r i b e d  i n  E xpe r im en t  5» The r e s u l t i n g  sy ru p  was ch rom atog raphed  
on p a p e r  u s i n g  s o lv e n t  ( a ) .  The m ajo r  com ponents o f  t h e  m ix tu re  
a p p e a re d  t o  be 1 -deoxy-D -xy  l i t o l ,  R^ 2 .1 5 ,  and  5-d-C oxy-L -xy  l o s e ,
R^ 2 . 2 7 . A t r a c e  amount o f  x y l o - p e n t a n e - 2 , 3 , 4 - t r i o l ,  R^ 3 .0 1 ,  was 
a l s o  fo rm ed .
E x p t .  13 . L- R h a m n i to l .
To a  s o l u t i o n  o f  L-rham nose m onohydrate  ( 2 5 .0  g) i n  w a te r  (lOO ml) 
was added  p o ta s s iu m  b o ro h y d r id e  ( 3 .8  g ) . The m ix tu re  was a l lo w e d  
t o  s t a n d  I 4 h r .  and  t h e n  p o ta s s iu m  io n s  were removed w i th  A m b e r l i te  
IR 120 (H* )^ r e s i n .  The r e s i n  was f i l t e r e d  o f f ,  washed w i th  w a te r  
and th e  aqueous s o l u t i o n  e v a p o ra te d  u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  
a  c o l o u r l e s s  s y ru p .  The sy ru p  was d i s s o l v e d  i n  m ethano l  (50  ml)
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and e v a p o ra te d  t o  g iv e  t h e  c ru d e  p ro d u c t  c o n t a i n i n g  some b o r i c  
a c i d .  T re a tm e n t  w i th  m ethano l  was r e p e a t e d  f i v e  t im e s  t o  
p roduce  a  c o l o u r l e s s  sy ru p  w hich was b o i l e d  w i th  a c e to n e  (300  ml) 
and c r y s t a l l i s e d  on c o o l i n g .  The c r y s t a l s  were f i l t e r e d  o f f  and 
d r i e d .  R e c r y s t a l l i s a t i o n  from  m e th a n o 1 -c h lo ro fo rm  a f f o r d e d  L- 
r h a m n i to l  ( l ? .2  g , 76%), m .p. 119- 121°, + 12 . 5° (c 1 .0  i n
w a t e r ) ,  l i t l ^ m . p .  121° ,  [ a ] ^  + 10 . 7° i n  w a te r .
E x p t . 14 . 1 ,2 ;  3 ,4 - D l - 0 - i 8 o p r o p y l i d e n e - L- r h a m n i t o l .
A m ix tu re  o f  L - r h a m n i to l  ( 9 .O g ) , anhydrous  c o p p e r  s u lp h a t e  
( 6 . 0  g ) , c o n c e n t r a t e d  s u l p h u r i c  a c i d  (lO  m l) ,  and a c e to n e  ( I 65 ml) 
was shaken  a t  room t e m p e r a tu r e  f o r  16 h r . ,  t h e n  b a s i f i e d  w i th  
c o n c e n t r a t e d  aqueous  ammonia ( 5 .O m l) .  The f i l t e r e d  s o l u t i o n  was 
c o n c e n t r a t e d  and t h e  s o l i d  r e s i d u e  was r e c r y s t a l l i s e d  from be n z en e ,  
t o  y i e l 6 1 ,2 ;  3 ,4 - d . i - O - i s o p r o p y l i d e n e - L - r h a m n i t o l  ( 8 .1  g , 61%) m .p. 
64—66° ,  - 1 6 °  (c  1 .5  i n  m e th a n o l) ,  l i t . ^ ^ ^  m .p . 64- 66° ,
- 1 6 °  (c  1 .5  i n  m e th a n o l ) .
E x p t .  15 . 3 , 4- 0 - l8 o p r o p y l id e n e - L - r h a m n i t o l .
1 ,2 ;  3 , 4 - D i - O - i s o p r o p y l id e n e - L - r h a m n i to l  ( 8 .2  g) was f i n e l y
powdered and shaken  v i g o r o u s l y  w i th  d i l u t e  h y d r o c h l o r i c  a c i d  (200 ml ; 
pH 1 . 0 ) u n t i l  an a lm o s t  c l e a r  s o l u t i o n  was o b ta in e d  ( c a .  7 m i n . ) .  The 
s o l u t i o n  was n e u t r a l i s e d  w i th  aqueous sodium c a r b o n a te  s o l u t i o n .  
E x t r a c t i o n  o f  t h e  m ix tu re  w i th  c h lo ro fo rm  (lOO ml) removed s t a r t i n g  
m a t e r i a l (4 .0  g) and  s u b s e q u e n t  c o n t in u o u s  e x t r a c t i o n  w i th  e t h e r  
removed th e  m o n o -O -iso p ro p y l id e n e  compound. The r e c o v e r e d  s t a r t i n g  
m a t e r i a l  was r e h y d r o l y s e d  and  th e  p r o c e s s  r e p e a t e d  u n t i l  r e c o v e r e d  
s t a r t i n g  m a t e r i a l  was r e d u c e d  t o  c a .  O.5  g . The combined e t h e r  
e x t r a c t s  a f f o r d e d  c ru d e  p ro d u c t  ( 6 .9  g) from which was o b t a i n e d  , by 
r e c r y s t a l l i s a t i o n  from b e n a en e ,  p u re  3 ,4 - 0 - i s o p r o p y l i d e n e - L - r h a m n i t o l  
( 4 -0  g , 58%), m .p . 79- 80° ,  - 24° (c 2 .0  i n  w a t e r ) ,  l i t . ^ ^ ^  m .p.
77- 78° ,  [ a ] ^  - 24°  (c  2 .2  i n  w a t e r ) .
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E x p t . ] 6 . 5 -D eoxy-L- a r a b i n o 8 e .
To a  s o l u t i o n  o f  3 ,4 '^ 0 - i s o p r o p y l id e n e - L - r h a m n i to l  ( 3 .3  g )  in  
p h o sp h a te  b u f f e r  (70  ml; 0 .1  M, pH 7*4) was added , w i th  s t i r r i n g  
a t  0 ° ,  sodium m e t a p e r io d a t e  ( 3 .6  g ) . A f t e r  5 h r . ,  t h e  s o l u t i o n  
was f r e e z e - d r i e d  and th e  r e s i d u e  e x t r a c t e d  w i th  c o ld  c h lo ro fo rm  
(4  X 40 m l ) .  The e x t r a c t s  were combined and e v a p o r a te d  u n d e r  
r e d u c e d  p r e s s u r e .
The r e s i d u a l  s y ru p  was d i s s o l v e d  i n  w a te r  ( 5O ml) and A m b e r l i te  
IB 120 (h"*") r e s i n  (5  ml) added . The m ix tu re  was b o i l e d  f o r  2 h r .  
c o o le d ,  and f i l t e r e d .  The aqueous  s o l u t i o n  was c o n c e n t r a t e d  t o  
y i e l d  5 -d -e o x y -L -a rab in o se  ( 2 .0  g , 94%), Rq 2 .3 2  s o lv e n t  ( a ) ,  (b)
0 . 7 6 .
E x p t .  17 . 5 -b^oxy -L - a r a b i n o s e  d i e t h y l d i t h i o a c e t a l .
A s o l u t i o n  o f  5~d-eoxy-L -arab inose  ( l .O  g) i n  c o n c e n t r a t e d
h y d r o c h l o r i c  a c id  ( l . 3 5  ml) was c o o le d  t o  0° and e t h a n e t h i o l  (1 .3 5  ml)
added . The m ix tu re  was shaken  a t  room t e m p e ra tu re  f o r  40  m in. a t
w hich  t im e  i t  became s o l i d .  A f t e r  c o o l i n g  t o  0 ° ,  w a te r  (13 ml) was
added  and t h e  c r y s t a l s  f i l t e r e d  o f f .  R e c r y s t a l l i s a t i o n  from w a te r
a f f o r d e d  5 -& e o x y -L -a ra b in o s e  d i e t h y l d i t h i o a c e t a l  ( I .4  g , 78%), m.p.
108- 109° ,  [ a ] ^ ^ 27° (c  1 .0  i n  m e th a n o l) ;  R^ 3 .8 2  s o lv e n t  ( a ) ,
l i t . ^ ^  m .p . 108- 109° f o r  D - iso m er .
122E x p t . 1 8 . Raney n i c k e l .
To a  s o l u t i o n  o f  sodium h y d ro x id e  ( 19O g) i n  w a te r  (750 ml) 
c o o le d  t o  10° was a dded , w i th  s t i r r i n g ,  n ic k e 1 -a lu m in iu m  a l l o y  ( 15O g) 
a t  such  a  r a t e  t h a t  t h e  t e m p e ra tu re  o f  th e  m ix tu re  rem ained  below 
25° .  The m ix tu re  was h e a te d  a t  80° f o r  1 h r . ,  t h e n  a l lo w e d  t o  c o o l .  
The s u p e r n a t a n t  l i q u i d  was d e c a n te d  and th e  b l a c k  d e p o s i t  washed w i th  
w a te r  u n t i l  t h e  pH o f  t h e  w ash ings  r e a c h e d  6 .0 .  The p ro d u c t  was
I l l
washed w i th  e t h a n o l  (3 x 100 ml) t o  y i e l d  Haney n i c k e l  ( l 2 0  m l) .
E x p t .  19 . L - a r a b i n o - P e n t a n e - 2 , 3 , 4 - i r i o l .
To a  s o l u t i o n  o f  5 -& e o x y -L -a ra b in o se  d i e t h y l d i t h i o a c e t a l  ( 14 . I  g) 
i n  warm e t h a n o l  ( 14OO ml) was added Raney n i c k e l  (200 ml) and th e  
m ix tu re  r e f l u x e d  f o r  3 h r .  A f t e r  a l l o w i n g  t o  c o o l ,  t h e  e t h a n o l i c  
s o l u t i o n  was d e c a n te d  and th e  r e s i d u e  r e f l u x e d  w i th  e th a n o l  ( I I . )  f o r  
30 m in . The e t h a n o l i c  s o l u t i o n s  were combined and d i s t i l l e d  u n d e r  
r e d u c e d  p r e s s u r e  y i e l d i n g  L- a r a b i n o - p e n t a n e - 2 , 3 , 4 - t r i o l  ( 3 .8  g, 54%), 
b . p .  8 8 - 9 2 ° /0 .3  mm.., [ a ]^ ^ - f6 .0 °  (c 1 .0  i n  w a t e r ) .  (Found: 0 , 4 6 . 8 4 ;
H, 10 . 0 3 . C H 0^ r e q u i r e s  C, 5O.OO; H, 10.00% ). R 3 .3 3  s o lv e n t
J  12 _) (i
( a ) ,  R 2 .9 5  s o lv e n t  ( b ) ,  (b )  0 .6 0 ,  ( m )  O.O5 , (w) 0 .0 0 .
RV 0 . 7 1 , a c e t a t e  d e r i v a t i v e ,  P .P .E .  a t  145°, g l y c e r o l  s t a n d a r d .
E x p t .  2 0 . D-E r y th r o s e  d i e t h y l d i t h i o a c e t a l .
D - î r y t h r o s e  ( 7 .O g ) ,  s e p a r a t e d  from D -g lu co se  by c e l l u l o s e  columr 
c h ro m a to g ra p h y , was d i s s s o l v e d  i n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  
( 10 .5  ml) and c o o le d  t o  0 ° .  E t h a n e t h i o l  ( IO .5  ml) was added  and 
t h e  m ix tu re  shaken  a t  room t e m p e r a tu r e  f o r  3 h r .  The m ix tu re  was 
a g a in  c o o le d  t o  0° and w a te r  (lOO ml) ad d ed .  The r e s u l t i n g  
e m u ls io n  was n e u t r a l i s e d  w i th  sodium c a r b o n a te  and e x t r a c t e d  w i th  
d ic h lo ro m e th a n e  (2 x 100 m l) .  The combined e x t r a c t s  were d r i e d  w i th  
sodium s u l p h a t e ,  f i l t e r e d ,  and th e  f i l t r a t e  e v a p o ra te d  t o  y i e l d  a  
s y ru p  o f  D - e r y th r o s e  d i e t h y l d i t h i o a c e t a l  ( l 0 . 2  g, 78%), R^ 3 .9 1  
s o l v e n t  ( a ) .
E x p t .  2 1 . 1-Deoxy-D- e r y t h r i t o l .
To a  s o l u t i o n  o f  D - e r y th r o s e  d i e t h y l d i t h i o a c e t a l  ( l 0 . 2  g) i n  
e th a n o l  ( 4 OO ml) was added  Raney n i c k e l  ( 18O ml) and th e  m ix tu re  
a l lo w e d  t o  s t a n d  1 h r .  and th e n  r e f l u x e d  f o r  2 h r .  A f t e r  a l lo w in g  
t o  c o o l ,  t h e  s u p e r n a t a n t  l i q u i d  was d e c a n te d  and th e  b l a c k  r e s i d u e
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e x t r a c t e d  w i th  b o i l i n g  e th a n o l  (4 OO ml) f o r  jO min. The 
e t h a n o l  e x t r a c t s  were d i s t i l l e d  i n  vacuo and y i e l d e d  a  s m a l l  
amount o f  a  m ix tu re  o f  b u t a n e - 1 , 2 - d i o l  and b u t a n e - 2 , 3 - d i o l ,  b . p .  
85~90° / 2 .5  mm and 1 - d e o x y - D - e r y t h r i t o l  ( 2 .1 1  g , 46%), b . p .  125- 128° /
1 .0  mm, [ a ] ^ ^ + 1 7 . 3° (c  2 .5  i n  w a t e r ) ,  I .83  s o lv e n t  ( c ) ,  (b )
0 . 6 5 , Mg ( ^ )  0 .0 0 ,  Mg (w) 0 .0 0 ,  RV O .8O, a c e t a t e  d e r i v a t i v e ,  P .P .E .  
a t  140° ,  g l y c e r o l  s t a n d a r d .
E x p t . 2 2 . A ttem p ted  p r e p a r a t i o n  o f  2 , 3 , 4 - t r i - O - a c e t y l - x y l o - p e n t a n e -
2 , 3 , 4 - t r i o l .
A s o l u t i o n  o f  5-d .eo x y -L -x y lo se  ( 7 .O g) i n  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  ( 1 0 .0  ml) was c o o le d  t o  0° and e t h a n e t h i o l  (lO .O ml) added .
The m ix tu re  was sh ak en  f o r  40  m i n . , c o o le d  t o  0° and i c e - c o l d  w a te r  
(50  ml) added . The r e s u l t i n g  emulsion was n e u t r a l i s e d  w i th  sodium 
c a r b o n a te ,  and e x t r a c t e d  w i th  d ic h lo ro m e th a n e  (2  x 100 m l) .  The 
e x t r a c t s  were d r i e d  w i th  sodium s u l p h a t e ,  f i l t e r e d  and e v a p o r a te d  t o  
y i e l d  5 -d e o x y -L -x y lo s e  d i e t h y l d i t h i o a c e t a l  ( IO .3  g, 82%) a s  a  sy ru p ,
RV 1 . 6 0 , t r i m e t h y l s i l y l  d e r i v a t i v e ,  A.P .K. a t  178° ,  D - g l u c i t o l  
s t a n d a r d .
The p r o d u c t  ( lO .O  g) was d i s s o l v e d  i n  d r y  p y r id i n e  (lOO ml) and 
a c e t i c  a n h y d r id e  (lOO ml) added . The m ix tu re  was a l lo w e d  t o  s ta n d  
f o r  14 h r .  a t  room t e m p e r a t u r e ,  t h e n  p o u red  i n t o  a  m ix tu re  o f  i c e -  
w a te r  ( I I . )  and t h e  i c e  a l lo w e d  t o  m e l t .  The c ru d e  p ro d u c t  was 
form ed a s  a  s y ru p  w hich a d h e re d  t o  t h e  v e s s e l .  The aqueous  s o l u t i o n  
was d e c a n te d  and r e p l a c e d  by  w a te r  ( 1I . ) .  T h is  p ro c e d u re  was 
r e p e a t e d  s e v e r a l  t im e s .  The w a te r  was f i n a l l y  d e c a n te d  and th e  r e s i d u e  
r e c r y s t a l l i s e d  from  e th a n o l  t o  y i e l d  2 ,3 ,4 - t r i - 0 - & c e t y l - 5 - d e o x y - L -  
x y lo s e  d i e t h y l d i t h i o a c e t a l  ( 1 2 .0  g , 80%), m .p. 154-156° .
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To a  s o l u t i o n  o f  2 , 3 , 4 - t r i - 0 - a c e t y l - 5 - d s o x y - L - x y l o 8 O  
d i e t h y l d i t h i o a c e t a l  ( l 2 . 0  g) i n  e th a n o l  ( 25O ml) was added  Raney 
n i c k e l  (lOO ml) and th e  m ix tu re  r e f l u x e d  f o r  4  h r .  The e th a n o l  
was d e c a n te d  and th e  n i c k e l  e x t r a c t e d  w i th  b o i l i n g  e th a n o l  
(3  X 200 m l ) . ,  The e t h a n o l i c  s o l u t i o n s  were combined and e v a p o ra te d  
t o  a  volume o f  5O m l. On c o o l i n g ,  c r y s t a l s  s e p a r a t e d  o f  2 , 3 , 4 -  
t r i O - a c e t y l - p e n t a n e - 2 , 3 , 4 - t r i o l  ( 5 .O g , 62%), m .p . 121- 124° ,  
( l i t . ^ ^ m . p .  123- 124° ) .  Pound 0 ,  5 3 .6 2 ;  H, 7 .1 3 ;  S, 0 .0 0 ,
^ 11^ 18^6 C , 5 3 . 6 6 ; H, 7 . 3 2 ; S. 0.00%. G a s - l i q u i d
ch ro m ato g rap h y  showed th e  p r e s e n c e  o f  two components (RV O .7 I  and 
0 , 8 9 ) ,  a c e t a t e  d e r i v a t i v e , P . P . E .  a t  140°, g l y c e r o l  s t a n d a r d .  I t  
must be assumed t h a t  t h e  compound was n o t  o p t i c a l l y  pu re  and t h a t  
b o th  L - a r a b i n o -  and  x y l o -  iso m e rs  were p r e s e n t .
E x p t . 2 3 . 1 , 5 -D i- 0 - t r i t y l - 2 , 3 , 4 - t r i -O -b e n z o y l - r i b i t o l .
R i b i t o l  ( 2 7 . 5g) was d r i e d  a t  90° u n d e r  r e d u c e d  p r e s s u r e  o v e r  
p h o sp h o ru s  p e n to x id e  and  d i s s o l v e d  i n  p y r id i n e  ( 25O ml) w hich had  
been  d i s t i l l e d  from p h o sp h o ru s  p e n to x id e  im m e d ia te ly  b e f o r e  u s e .  
T r i t y l  c h l o r i d e  (1 0 2 .0  g) was added , t h e  m ix tu re  shaken  u n t i l  a  
s o l u t i o n  was o b t a i n e d  and a l lo w e d  t o  s t a n d  72 h r .  a t  room te m p e ra tu re  
Dry p y r i d i n e  ( 4 OO ml) was added , t h e  s o l u t i o n  c o o le d  t o  0° and 
b e n z o y l  c h l o r i d e  ( 8 l  m l) added . The m ix tu re  was a l lo w e d  t o  s ta n d  
f o r  48 h r .  a t  room t e m p e r a t u r e ,  w a te r  (2 ml) was added and th e  
m ix tu re  a g i t a t e d .  A f t e r  30 m in . ,  t h e  r e a c t i o n  m ix tu re  was pou red  
i n t o  i c e - w a t e r  (5  1 . ) ,  and  t h e  i c e  a l lo w e d  t o  m e l t .  The p r e c i p i t a t e  
was f i l t e r e d  o f f ,  d i s s o l v e d  in  d ic h lo ro m e th a n e  ( I I . )  and washed 
s u c c e s s i v e l y  w i th  aqpieous sodium hyd rogen  s u lp h a t e  (3 x  60 ml; 20%), 
aqueous sodium hyd rogen  c a r b o n a te  (4 x  40  ml; 10%) and w a te r
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(2 X 10 m l) .  The s o l u t i o n  was d r i e d  w i th  sodium s u lp h a t e  
and e v a p o r a te d  t o  a  t h i n  sy ru p  c o n t a i n i n g  p y r id i n e  and th e  
r e q u i r e d  p r o d u c t ,  which was s t i r r e d  w i th  m ethano l  (400 ml) f o r  
14 h r .  The p r e c i p i t a t e  was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  
from e th a n o l - d i c h lo r o m e th a n e  y i e l d i n g  l , 5 - d i - 0 - t r i t y l - 2 , 3 ; 4 - i r i -  
0 - h e n z o y l - r i h i t o l  ( I 55 g , 90%), m .p. 159-161° ,  l i t . ^ ^ 3  m .p . 161°.
E x p t . 2 4 . l , 5 - D l - 0 - t o l u e n e - p- s u l p h o n y l - 2 , 3 , 4 - t r i -O- h e n z o y l - r i b i t o l .
To a  s o l u t i o n  o f  l , 5 - d i - 0 - t r i t y l - 2 , 3 , 4 - l u i —0 - b e n z o y l - r i b i t o l  
( 1 6 .0  g) i n  d ic h lo ro m e th a n e  (200  ml) was added a c e t i c  a c i d  (50  ml) 
and a  s o l u t i o n  o f  h yd rogen  brom ide i n  a c e t i c  a c id  (10  ml; 45%).
A f t e r  1 m in. t h e  s o l u t i o n  was p o u red  i n t o  aqueous p o ta s s iu m  hydrogen  
c a r b o n a te  s o l u t i o n  (750 ml; 20%) and t h e  d ic h lo ro m e th a n e  l a y e r  
rem oved. The aqueous  l a y e r  was e x t r a c t e d  w i th  d ic h lo ro m e th a n e  
(2 X 200 m l) ,  t h e  t h r e e  e x t r a c t s  com bined, d r i e d  w i th  sodium 
s u l p h a t e ,  f i l t e r e d  and  e v a p o r a te d .  The r e s u l t i n g  sy ru p  was 
d i s s o l v e d  i n  benzene  (50 ml) and th e  s o l u t i o n  e v a p o r a te d .
The s y ru p  was d i s s o l v e d  in  d ry  p y r i d i n e  (lOO m l) ,  t o l u e n e - p -  
s u lp h o n y l c h lo r id e  ( 1 8 .O g) added and th e  m ix tu re  shaken  t o  form  a  
s o l u t i o n .  A f t e r  4 O h r .  a t  room t e m p e r a t u r e ,  m e th an o l  (2 ml) was 
added  and a f t e r  a  f u r t h e r  30 m i n . , m e th a n o l  ( 5OO ml) a t  0°  was 
a dded . A p r e c i p i t a t e  form ed which was f i l t e r e d  o f f  a f t e r  1 h r .
I t  was washed w e l l  w i th  m eth an o l  and d r i e d  t o  y i e l d  1 ,5 -d . i -O -  to lu e n e -  
- p - s u l p h o n y l - 2 , 3 , 4 - t r i - 0 - b e n z o y l - r i b i t o l  ( 7 .2  g, 55%), m .p . I 63- I 64* 
l i t . ^ ^ ^  m .p . 1 6 0 -161° .
E x p t .  2 5 . r i b o - P e n t a n e - 2 , 3 , 4 - i r i o l .
A s u s p e n s io n  o f  l , 5 - d i - 0 - t o l u e n e - p - s u l p h o n y l - 2 , 3 , 4 - l r i - O - b e n z o y l -  
r i b i t o l  ( 5 0 .0  g) i n  d ry  t e t r a h y d r o f u r a n  ( 8OO ml) was c o o le d  i n  an 
i c e  b a th  and l i t h i u m  alum inium  h y d r id e  ( 9 .O g) added . When th e
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r e a c t i o n  had  s u b s id e d ,  th e  m ix tu re  was r e f l u x e d  and s t i r r e d  
f o r  4 h r . ,  t h e n  a l lo w e d  t o  c o o l .  W ater (lO .O m l) ,  aqueous 
sodium h y d ro x id e  (lO .O ml*, 15%) and w a te r  (30 ml) were added 
s u c c e s s i v e l y  w h i le  s i t r r i n g  c o n t in u e d .  The p r e c i p i t a t e  which 
form ed was f i l t e r e d  o f f  and e x t r a c t e d  w i th  b o i l i n g  m ethano l  ( l l . )  
f o r  5 b r .  The e x t r a c t  was e v a p o r a te d  and th e  r e s i d u e  d i s s o l v e d  
i n  w a te r  (lOO m l) .  I n s o l u b l e  m a t e r i a l  was f i l t e r e d  o f f  and th e  
f i l t r a t e  t r e a t e d  w i th  A m b e r l i te  IR 120 (H^) r e s i n  t o  remove sodium 
i o n s .  The t e t r a h y d r o f u r a n  s o l u t i o n  was e v a p o ra te d  and th e  r e s i d u e  
d i s s o l v e d  in  w a te r  (lOO m l) .  T h is  aqueous  s o l u t i o n  was e x t r a c t e d  
w i th  t o lu e n e  (lOO ml) and sodium io n s  removed w i th  A m b e r l i te  IR 
120 (H^) r e s i n .  The aqueous s o l u t i o n s  were combined and t r e a t e d  
w i th  A m b e r l i te  IR 45 (OH ) r e s i n  u n t i l  n e u t r a l .  The aqueous 
s o l u t i o n  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  y i e l d i n g  r i b o - p e n ta n e -
2 , 3 , 4 - t r i o l  ( 3 .5  g , 45%) b . p .  1 4 6 - 1 5 0 ° / l .O  mm, R^ 2 .9 6  s o lv e n t  ( a ) ,  
Rg 5 .2 5  s o lv e n t  ( b ) ,  R^ 2 .0 3  s o lv e n t  ( c ) ,  (b )  O .5 I ,  M^ ( ^ )  0 .0 0 ,
Mg (M) O'OO, RV 0 . 6 5 , a c e t a t e  d e r i v a t i v e ,  P .P .E .  a t  140°, g l y c e r o l  
s t a n d a r d ,
E x p t . 2 6 . 1 , 5 - D i - 0- t r i t y l - 2 , 3 , 4 - t r i -O- b e n z o y l - x y l i t o l .
X y l i t o l  ( 27 .5  g) was t r e a t e d  a s  i n  E xpe r im en t  23 t o  y i e l d  1 , 5 - d i -
0 - t r i t y l - 2 , 3 , 4 - t r i - 0 - b e n z o y l - x y l i t o l  ( 14I  g , 80% ), m .p . 197-399° ,
l i t . ^24 m.p. 197-198°.
E x p t . 27 . 1 , 5 -D i- 0 - t o l u e n e - p - s u l p h o n y l - 2 , 3 , 4 - t r i -O- b e n z o y l - x y l i t o l .
l , 5 - D i - 0 - t r i t y l - 2 , 3 , 4 - t r i - 0 - b e n z o y l - x y l i t o l  (.16.0 g) was t r e a t e d  
a s  i n  E xper im en t  24 t o  y i e l d  l , 5 - d i - 0 - t o l u e n e - p - s u l p h o n y l - 2 , 3 , 4 - t r i -
0 - b e n z o y l - x y l i t o l  (7*5 g , 58%), m .p. 163 -167° ,  l i t . ^ ^ ^  m .p. 165-168° .
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E x p t . 2 8 . x y l o - P e n t a n e - 2 , 3 , 4 - t r i o l .
1 , 5 - b i - 0 - to l - u .e n e - p - s u lp h o n y l - 2 ,  3 , 4 - t r i - O - b e n z o y l - x y l i t o l  ( 5O.O g )  
was t r e a t e d  a s  i n  E xper im en t  25 t o  y i e l d  x y lo - p e n t a n e - 2 , 3 , 4 - t r i o l  
( 2 .8  g ,  36%), b . p .  88- 92° / 0 .5  mm, 2.96 s o lv e n t  ( a ) ,  R^ 5 .1 0  
s o lv e n t  ( b ) ,  R^ 1 .8 2  s o lv e n t  ( c ) ,  (b )  0 .6 6 ,  (Mo) O.O8 ,
(w) 0 . 0 7 , RV 0 . 8 9 , a c e t a t e  d e r i v a t i v e ,  P .P .E .  a t  140°, g l y c e r o l
s t a n d a r d .
E x p t . 2 9 . P e r io d a t e  o x i d a t i o n  o f  t r i o l s .
The f o u r  t r i o l s  w hich  had  been  p r e p a r e d  were o x i d i s e d  w i th  aqueous 
sodium p e r i o d a t e  s o l u t i o n .
1. P e r io d a t e  u p t a k e .
Sodium m e ta p e r io d a t e  ( 2 . I 4 O g) was d i s s o l v e d  i n  w a te r  (lOO.O m l) .
A p o r t i o n  o f  t h i s  s o l u t i o n  (lO .O ml) was added  t o  a  s o l u t i o n  o f  
t h e  t r i o l  (O.O3O-O.O4 O g) in  w a te r  and  made up t o  1 0 0 .0  ml w i th  
w a t e r .  A second  p o r t i o n  (lO .O ml) was made up t o  1 0 0 .0  ml w i th  
w a te r  t o  form a  b la n k  s o l u t i o n .
A f t e r  v a r i o u s  t im e s ,  a l i q u o t s  ( lO .O  ml) were w ithd raw n  and added 
t o  sodium a r s e n i t e  s o l u t i o n  ( 2 5 .0  m l; O.OIN). Aqueous sodium 
hyd rogen  c a r b o n a te  (lO  ml; 7%) and aqueous  p o ta s s iu m  i o d id e  (5ml; 
20%) were added  and a f t e r  20 m in . e x c e s s  sodium a r s e n i t e  was b a c k -  
t i t r a t e d  w i th  i o d in e  s o l u t i o n  ( 0 . 02N), u s i n g  sodium s t a r c h  g l y c o l l a t e  
i n d i c a t o r .  The u p ta k e  o f  p e r i o d a t e  i n c r e a s e d  v e ry  l i t t l e  a f t e r  
30 m in. r e a c t i o n  t im e .  The r e s u l t s  a r e  shown i n  T ab le  IV -1 , p . 52*
2. Formic a c i d  p r o d u c e d .
An a l i q u o t  ( 5 .O ml) o f  t h e  above r e a c t i o n  m ix tu re  was t r e a t e d  
w i th  aqueous e th y l e n e  g l y c o l  ( l  ml; 5%)> th e  s o l u t i o n  s e a l e d  and 
a l lo w e d  t o  s t a n d  f o r  20 m in. The fo rm ic  a c i d  was th e n  t i t r a t e d  
w i th  O.OlN-sodium h y d ro x id e  u s i n g  p h e n o lp h t h a l e i n  i n d i c a t o r .
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The amount o f  fo rm ic  a c i d  p ro d u ced  i n c r e a s e d  v e ry  l i t t l e  a f t e r  
30 m in. r e a c t i o n  t im e .  The r e s u l t s  a r e  shown i n  T ab le  IV -1 , p .  52.
3 .  Form aldehyde p ro d u c e d .
A s o l u t i o n  c o n t a i n i n g  g l y c e r o l  (O.O3O g) i n  aqueous sodium 
p e r i o d a t e  (lOO.O m l; 0 .0 1  M) was a l lo w e d  t o  s t a n d  5 h r .  i n  t h e  
d a r k .  A l iq u o t s  ( l .O  ml) were w ithd raw n  and a c c u r a t e l y  d i l u t e d  
w i th  w a te r  t o  10, 25 and 50 m l. An a l i q u o t  ( l .O  m l) ,  from  th e  
above r e a c t i o n  m ix tu re  c o n t a i n i n g  L - e r y t h r o - b u t a n e - 1 , 2 , 3 - t r l o l ,  
was w ithd raw n  and d i l u t e d  w i th  w a te r  t o  1 0 .0  m l.
From t h e s e  d i l u t e d  s o l u t i o n s ,  a l i q u o t s  ( l .O  ml) were t r e a t e d  
w i th  aqueous sodium s u l p h a t e  s o l u t i o n  (O.IO ml; 20%) and c h ro m o tro p ic  
a c i d  r e a g e n t  ( 8 . 4 O m l) .  [The c h ro m o tro p ic  a c i d  s o l u t i o n  was 
p r e p a r e d  by d i s s o l v i n g  th e  sodium s a l t  ( 0 .2 0  g) i n  w a te r  ( 2 0 .0  ml) 
and a d d in g  s u l p h u r i c  a c i d  (80  ml; 12 .5  M)] .  A b la n k  was form ed 
u s i n g  w a te r  ( l .O  m l) .  The m ix tu re s  were h e a te d  a t  100° f o r  1 h r .  
d u r in g  w hich  t im e s  c o lo u r a t i o n s  d e v e lo p e d .  A f t e r  c o o l i n g ,  aqueous  
t h i o u r e a  s o l u t i o n  (O .5O ml; 0.40%) was added and th e  o p t i c a l  
d e n s i t i e s  o f  t h e  s o l u t i o n s  m easu red  a t  570  m^Lt •
R e s u l t s .
m oles  fo rm a ldehyde  a b so rb a n c e
6 .5  X 10""  ^M 1 .2 1
1 .3  X 10“ ^ M 0 .4 8
1 .3  X 10""  ^M 0 .2 4
Form aldehyde s o l u t i o n
from  r e a c t i o n  m ix tu re  O.4 I  ( 0 .9 7  m o l . )
The r e s u l t s  a r e  shown i n  T ab le  IV -1 , p .  5 2 .
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E x p t . 3 0 . P e n t a n e - 1 , 3 , 5 - t r i o l .
To a  s t i r r e d  s u s p e n s io n  o f  l i t h i u m  alum inium  h y d r id e  ( 2 7 .O g) in  
d ry  e t h e r  ( 85O ml) was added s lo w ly  a  s o l u t i o n  o f  3 -h y d ro x y -  
d i e t h y l g l u t a r a t e  ( 7 6 .0  g) i n  d ry  e t h e r  ( I 80 m l ) .  The m ix tu re  was 
r e f l u x e d  and s t i r r e d  f o r  2 h r .  t h e n  c o o le d  in  i c e .  W ater ( 18O ml) 
was added s lo w ly ,  th e  r e s u l t a n t  p r e c i p i t a t e  f i l t e r e d  o f f  and e x t r a c t e d  
w i th  e t h a n o l  ( 3 x 1 1 . ) .  The e x t r a c t s  were combined w i th  t h e  
e t h e r e a l  l a y e r  and s a t u r a t e d  w i th  c a rb o n  d i o x id e .  I n s o l u b l e  
m a t e r i a l  was f i l t e r e d  o f f  and th e  f i l t r a t e  d i s t i l l e d  i n  vacuo t o  
y i e l d  p e n t a n e - 1 , 3 , 5- t r i o l  (2 2 .4  g> 50^)> b . p .  1 5 2 - 1 5 4 ° / l . 5  nmi, 
l i t . 147- 15 i ° / 2  mm.
E x p t .  3 1 . P r e p a r a t i o n  o f  p h e n y lb o r o n a te s  o f  t r i o l s .
The t r i o l  ( c a .  2 g) was r e f l u x e d  i n  benzene  o r  t o l u e n e  (73 ml) 
w i th  one e q u i v a l e n t  o f  p l ie n y lb o ro n ic  a n h y d r id e .  W ater was removed 
o v e r  a  p e r i o d  5 -14  h r . ,  a s  an a z e o t r o p e ,  u s in g  a  Dean and S t a r k  head . 
E v a p o r a t io n  o f  s o lv e n t  p roduced  e i t h e r  a  s o l i d ,  w hich was r e c r y s t a l l i s e d  
from  h ex an e ,  o r  an o i l ,  w hich  was d i s t i l l e d  i n  v a c u o . P h y s i c a l  
p r o p e r t i e s  and a n a ly s i s  f i g u r e s  a r e  shown i n  T ab le  IV -2 , p .  54»
E x p t . 3 2 . Boron a n a l y s i s .
A c a l i b r a t i o n  g rap h  was obLained  i n  t h e  f o l l o w i n g  m anner. 
P h e n y lb o ro n ic  a n h y d r id e  (0 .1 2 1  g) was d i s s o l v e d  i n  50^  e th a n o l  
( 100 .0  ml) and a  p o r t i o n  ( lO .O  ml) removed and d i l u t e d  t o  100 .0  ml.
A p o r t i o n  ( 5 .O ml) o f  t h i s  s o l u t i o n  was d i l u t e d  t o  10 0 .0  m l. A 
second  p o r t i o n  (lO .O ml) was removed and d i l u t e d  t o  100 .0  ml from 
w hich  were t a k e n  p o r t i o n s  o f  volume 10 , 0 , 2 0 .0  and 3 0 .0  m l, and 
e a ch  d i l u t e d  t o  1 00 .0  m l. I n  t h i s  way, s o l u t i o n s  c o n t a i n i n g  
c o n c e n t r a t i o n s  o f  bo ro n  shown on th e  n e x t  page were o b t a i n e d .
A bsorbances  o f  t h e  s o l u t i o n s  were d e te rm in e d  a t  219 myx. . A b la n k
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was form ed u s i n g  50^  e t h a n o l .
R e s u l t s .
g . horon /lO O  m l. ab so rb a n c e
1 .25  X 10“ ^ 0 .1 0 4
2.50 X 10“5 0.209
3 .7 6  X io " 5  0 .3 0 9
6.27 X io"5 0.518
Boron c o n te n t  o f  sam ples  was d e te rm in e d  by d i s s o l v i n g  th e  
sample ( 0 . 0 3 -0 .0 5  g )  i n  ^Cffo e t h a n o l  (lOO.O ml) and d i l u t i n g  th e  
s o l u t i o n  tw ic e  by f a c t o r s  o f  t e n ,  a s  above , b e f o r e  d e te r m in in g  
th e  a b s o rb a n c e .  Boron c o n te n t  was e s t a b l i s h e d  u s i n g  th e  
c a l i b r a t i o n  g ra p h .
E x p t .  3 3 . H y d r o ly s i s  o f  L - a r a b i n o - p e n t a n e - 2 , 3 , 4 - t r i o l  p h e n y lb o r o n a te ,
The r e s i d u e  r e m a in in g  a f t e r  d i s t i l l a t i o n  o f  L - a r a b i n o - p e n t a n e -
2 , 3 , 4 - t r i o l  p h e n y lb o r o n a te  ( 0 .0 2  g) was d i s s o l v e d  in  warm w a te r  
(2 ml) and t h e  p h e n y lb o ro n ic  a c i d  d e s t r o y e d  w i th  bromine w a te r  
( 0 .6  ml; 3 ^ ) .  A f t e r  10 m i n . , t h e  s o l u t i o n  was e v a p o ra te d  and th e  
r e s i d u e  t r e a t e d  w i th  m ethano l  (4  x  2 m l) .  M ethanol was e v a p o ra te d  
and  th e  r e s i d u e  a c e t y l a t e d  u s i n g  a c e t i c  a n h y d r id e  (4 ml) and p y r id i n e  
(4  m l) .  A f t e r  10 m in . a t  90° ,  t h e  s o l u t i o n  was e v a p o ra te d  and th e  
r e s i d u e  d i s s o l v e d  i n  c h lo ro fo rm  ( 0 .3  m l) .  T h is  s o l u t i o n  ( ^ ^ u l . )  
was i n t r o d u c e d  i n t o  a  g a s - l i q u i d  ch ro m a to g rap h  which showed t h a t  
o n ly  2 , 3 , 4 - t r i - 0 - a c e t y l - L - a r a b i n o - p e n t a n e - 2 , 3 , 4 - t r i o l  had  been 
form ed (RV O .7 I ,  P .P .E .  a t  150°, g l y c e r o l  s t a n d a r d ) .
E x p t . 3 4 » A ttem p ted  i s o m é r i s a t i o n s  o f  p h e n y lb o r o n a te s  o f  t r i o l s .
G ly c e ro l  p h e n y lb o ro n a te  ( 0 . I 5 g )  and t r i e t h y l a m i n e  (O.IO ml) 
were r e f l u x e d  t o g e t h e r  i n  t o lu e n e  (20 ml) f o r  I 4 h r .  E v a p o r a t io n  
o f  s o lv e n t  y i e l d e d  a  c r y s t a l l i n e  r e s i d u e  m .p. 78- 78° ,  mixed m .p.
76- 78° .
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A s i m i l a r  p ro c e d u re  u s i n g  L - e r y t h r o - b u t a n e - 1 , 2 , Q - t r i o l  
p h e n y lb o ro n a te  a l s o  p roduced  th e  b o r o n a te  unchanged , m .p ,
75- 78° ,  mixed m .p. 7 5 -7 8 ° .
E x p t . 3 5 . P r e p a r a t i o n  o f  t r i o l  p h e n y lb o ro n a te  m o n o -p h e n y lca rb am a te s .
T r i o l  p h e n y lb o r o n a te  was r e f l u x e d  w i th  p h en y l  i s o c y a n a te  
( 1 .1  mol.) i n  d ry  t o lu e n e  f o r  8 -24  h r .  I f  t h e  r e a c t i o n  was s l u g g i s h ,  
t r i e t h y l a m i n e  ( l .O  mol.) was added and r e f l u x i n g  c o n t in u e d  8 h r .
S o lv e n t s  were e v a p o r a te d  and t h e  r e s i d u e  r e c r y s t a l l i s e d  from b e n z e n e -  
hexane o r  h e x a n e .  R e s u l t s  a r e  shown below .
The p h e n y lb o r o n a te s  o f  r i b o -  and x y lo - p e n t a n e - 2 , 3 , 4 - t r i o l s  
c o n ta i n e d  f r e e  t r i o l .  T h is  was removed by a l l o w i n g  t o  s t a n d  
w i th  t r i e t h y l a m i n e  and e x c e s s  p h e n y l  i s o c y a n a te  i n  t o lu e n e  a t  room 
te m p e ra tu re  f o r  2 h r .  C r y s t a l s  o f  t h e  t r i o l  t r i - p h e n y l c a r b a m a t e  
were f i l t e r e d  o f f  and t h e  f i l t r a t e  r e f l u x e d  t o  o b t a i n  th e  t r i o l  
p h e n y lb o ro n a te  m o n o -p h e n y lca rb am a te .
G ly c e ro l  p h e n y lb o r o n a te  m o no-pheny lca rbam a te ,  r e q u i r e s
0 ,  6 6 . 4 9 j H, 5*42; N, 4 . 72^ .  A b u t a n e - t r i o l  p h e n y lb o ro n a te  
m on o -p h en y lca rb am a te ,  C^^H^gBNO^ r e q u i r e s  C, 66.59? H, 5*79; N, 4 .5 0 ^ .  
A p e n t a n e - t r i o l  p h e n y lb o ro n a te  m o n o -p h e n y lca rb am a te , C^gH^QBNO^, 
r e q u i r e s  G, 6 6 . 4 6 ; H, 6 .2 0 ;  N, 4 -3 1 ^ .
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E x p t .  3 6 . P e r io d a t e  o x i d a t i o n  o f  p h e n y lb o ro n a te  p h e n y lc a rb a m a te s  
o f  t r i o l s .
1. P e r io d a t e  u p t a k e .
The p h e n y lb o ro n a te  p h e n y lc a rb a m a te  o f  a  t r i o l  ( c a .  0 .1 0  g) was 
d i s s o l v e d  in  N ,N -d im ethy lfo rm am ide  ( 2 $ .0  m l) ,  w a te r  (25  ml) added , 
aqueous sodium m e ta p e r io d a t e  ( lO .O  ml; 0 .1  M) added and th e  volume 
made up t o  10 0 .0  ml w i th  w a t e r .  T h is  r e a c t i o n  m ix tu re  was s t o r e d  
i n  th e  d a r k .  A b la n k  was form ed u s i n g  an e q u i v a l e n t  w e ig h t  o f  
p h e n y lb o ro n ic  a n h y d r id e  i n  p l a c e  o f  t h e  p h e n y lb o ro n a te  p h e n y lc a rb a m a te  
o f  t h e  t r i o l .  P e r i o d a t e  u p ta k e  was d e te rm in e d  a s  in  E xpe r im en t  2 9 .1 .  
The r e s u l t s  a r e  shown i n  T ab le  IV -4 , p . 70.
2 . Form aldehyde p r o d u c e d .
The q u a n t i t y  o f  fo rm a ldehyde  p ro d u ced  on o x i d a t i o n  o f  L- e r y t h r o -  
b u t a n e - . ' , 2 , 3 - t r i o  1 p h e n y lb o r o n a te  p h e n y lc a rb a m a te  was m easu red  as  
i n  E xpe r im en t  2 9 .3 .
E x p t .  3 7 . g -D -g l u c o f u r a n o s e - 1 , 2 ; 3 , 5 - t i s - p h e n y l b o r o n a t e .
D-Glucose ( l .O  g) and p h e n y lb o ro n ic  a n h y d r id e  ( l . l 6  g) were 
d i s s o l v e d  i n  2 -m e th o x y e th a n o l  by h e a t i n g  a t  90° f o r  30 m in. The 
s o lv e n t  was e v a p o r a te d  and th e  r e s i d u e  r e c r y s t a l l i s e d  from  t o lu e n e  to  
y i e l d  a - D - g l u c o s e - 1 ,2; 3 , 5 - ^ i s - p h e n y l b o r o n a t e  ( I .76  g, 90^)»  m .p. 
1 6 1 -162° ,  l i t ^ .^  m .p . 161 -162° .
E x p t .  3 8 . D iaz o m e th a n e .
A s o l u t i o n  o f  t o lu e n e - p - s u lp h o n y l m e t h y ln i t r o s a m i d e  (2 1 .5  g) I n  
d ic h lo ro m e th a n e  ( l 25 ml) was s lo w ly  added  t o  a  s t i r r e d  m ix tu re  o f  
p o ta s s iu m  h y d ro x id e  ( 6 .0  g ) , w a te r  (lO  m l) ,  2 - ( 2 - e th o x y e th o x y )  
e t h a n o l  (35 ml) and d ic h lo ro m e th a n e  (lO  m l) .  The r e a c t i o n  m ix tu re  
was h e a t e d  by an o i l  b o th  a t  70- 75° w hich e n s u re d  t h a t  d iazom ethane
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and d ic h lo ro m e th a n e  d i s t i l l e d  t o g e t h e r .  A s o l u t i o n  o f  
d iazo m eth an e  ( 2 . 7 - 2 . 9  g, i n  d ic h lo ro m e th a n e  ( l 25 ml) was
o b ta in e d ,  w hich was d r i e d  o v e r  sodium h y d ro x id e  p e l l e t s  and s t o r e d  
a t  0 ° .
E x p t .  3 9 » 6 - 0 - M e th y l -D-g l u c o s e .
A s o l u t i o n  o f  a - D - g l u c o f u r a n o s e - 1 ,2; 3 , 5 - b i s - p h e n y l b o r o n a t e  
( 1 .2  g) i n  d ic h lo ro m e th a n e  (20 ml) was c o o le d  t o  - 5 °  and bo ro n  
t r i f l u o r i d e  e t h e r a t e  ( 0 .0 4  ml) added . A s o l u t i o n  o f  d iazom ethane  
( 0 .5  s) i n  d ic h lo ro m e th a n e  was added s lo w ly .  A f t e r  30 m in. a t  
- 5 ° ,  a  w h i te  p r e c i p i t a t e  o f  p o ly m e th y le n e  had  form ed and was f i l t e r e d  
o f f .  D ic h lo ro m e th a n e  was e v a p o r a te d ,  t h e  r e s i d u e  d i s s o l v e d  i n  n -  
b u t a n o l  s a t u r a t e d  w i th  w a te r  (lO ml) and a p p l i e d  t o  t h e  to p  o f  a  
c e l l u l o s e  powder column (3cm x30  cm). The column was e l u t e d  w i th  
th e  samj s o l v e n t ,  f r a c t i o n s  (25  ml) c o l l e c t e d ,  f r a c t i o n s  15-19  
combined and e v a p o r a te d .  The r e s i d u e  was tw ic e  r e c r y s t a l l i s e d  from 
e t h a n o l  y i e l d i n g  6-0 -m e th y 1 -D -g lu c ose (O .27  g , 4 0 ^ ) ,  m .p . 143-144° ,
Rq 1 .92  s o lv e n t  ( a ) ,  R^ 1 .3 7  s o lv e n t  ( c ) ,  ( s j  0 .8 8 ,  [cc]^+ 9 5 % +  61°
(c  1 .0  i n  w a t e r ) ,  l i t } ^ ^  m .p . 142- 144° ,  + 9 5 » 61. 0°
(c  1 .2  i n  w a t e r ) ,
E x p t .  4 0 . M é th y la t io n  o f  p l e n y l b o r o n a t e s  o f  t r i o l s .
The p h e n y lb o r o n a te  o f  a  t r i o l  (0 .0 2  g) was d i s s o l v e d  i n  a  s o l u t i o n  
o f  bo ro n  t r i f l u o r i d e  e t h e r a t e  i n  d ic h lo ro m e th a n e  (0.16%; 1 ml) and
c o o le d  t o  - 5 ° .  D iazom ethane in  d ic h lo ro m e th a n e  (5  ml) was added 
and a f t e r  3 m in . ,  a  f u r t h e r  5 ml was ad d ed .  A f t e r  30 min. a t  - 5 °  
s o lv e n t  was e v a p o r a te d  and th e  r e s i d u e  h y d r o ly s e d  w i th  b o i l i n g  w a te r  
(2  m l) .  The p h e n y lb o ro n ic  a c i d  th u s  p ro d u ced  was c o n v e r t e d  t o  
bromobenzene by a d d i t i o n  o f  brom ine w a te r  (3 ^ ;  0 .6  ml) and a f t e r
a l l o w i n g  t o  s t a n d  I 5 m in .a t  20° , t h e  s o l u t i o n  was e v a p o r a te d .
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B o r ic  a c i d  was removed by r e p e a t e d  d i s t i l l a t i o n  o f  t h e  r e s i d u e  
w i th  m ethano l  a s  i n  E xpe r im en t  33 t o  p roduce  a  monomethyl e t h e r  
o f  a  t r i o l  (8 3 -1 0 0 ^ ) ,  The r e s i d u e  was a c e t y l a t e d  u s i n g  a c e t i c  
a n h y d r id e  (4 ml) and p y r i d i n e  (4  m l ) .  A f t e r  10 min. a t  90° ,  
t h e  s o l u t i o n  was e v a p o r a te d  and t h e  r e s i d u e  d i s s o l v e d  i n  c h lo ro fo rm  
( 0 .3  m l ) .  T h is  s o l u t i o n  (3yu 1. ) was a p p l i e d  t o  a  g a s - l i q u i d  
c h rom a tog raphy  column (2m x  1mm) c o n t a i n i n g  P .P .E .  s t a t i o n a r y  p h a s e .
By t h i s  m eans, t h e  components o f  t h e  m ix tu re  were s e p a r a t e d  and 
a n a ly s e d ,o n  l i n e , b y  a  f lam e i o n i s a t i o n  d e t e c t o r  and mass s p e c t r o m e te r .  
R e t e n t i o n  volum es (RV), s t r u c t u r e s  o f  com ponents and  r e l a t i v e  
p r o p o r t i o n s  a r e  shown i n  T ab le  IV- 5  ( p . 77 ) .
E x p t .  4 1 » P r e p a r a t i o n  o f  p o l y o l  b i s -  and t r i s - p h e n y l b o r o n a t e s .
Two m ethods were u s e d  t o  p r e p a r e  p o l y o l  p h e n y lb o r o n a te s .  
i )  A s d l u t io n  o f  p h e n y lb o ro n ic  a n h y d r id e  was added  t o  a  s o l u t i o n  
o f  t h e  p o l y o l  i n  w a t e r ,  A p r e c i p i t a t e  form ed w hich was f i l t e r e d  
o f f ,  washed w i t h  w a te r  and m eth a n o l  and d r i e d ,  
i i )  To a  s o l u t i o n  o f  t h e  p o ly o l  i n  2 -m e th o x y e th a n o l  was added 
p h e n y lb o ro n ic  a n h y d r id e .  The m ix tu re  was warmed a t  90° f o r  30 min. 
and e v a p o r a te d  fo rm in g  a  c r y s t a l l i n e  r e s i d u e .
The e s t e r s  were r e c r y s t a l l i s e d  from  t o lu e n e -h ex a n e  and t h e i r  
p h y s i c a l  d a t a  a r e  shown below . P h e n y lb o ro n a te s  n o t  l i s t e d  were
a v a i l a b l e  from  p r e v io u s  work.
nu TT, 4. Method o f
P h e n y l b o r o n a t e  . p r e p a r a t i o n
1 - D e o x y -D -x y l i to l  b i s -  ( i i )  164-165°
D - G l u c i t o l  t r i s -  ( i )  ( i i )  188- 189° l i t . ^ ^ m . p .  187- 190°
1 - d ^ - D - G lu c i to l  t r i s -  ( i i )  187- 189°
D -M ann ito l  t r i s -  ( i )  136-137° l i t . ^ ^ m . p .  134-135°
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E x p t .  4 2» 1 - d , - D - G l u c i t o l .
To a  s o l u t i o n  o f  D -g lu co se  (O.IO g )  i n  w a te r  (5  ml) was 
added  sodium b o r o d e u t e r i d e  (O.OI4 g ) . A f t e r  4 h r .  t h e  s o l u t i o n  
was t r e a t e d  w i th  A m b e r l i te  IR 120 (H^) r e s i n ,  t h e  r e s i n  f i l t e r e d  o f f  
and  t h e  f i l t r a t e  e v a p o r a te d .  The r e s i d u e  was t r e a t e d  w i th  m ethano l  
(4  X 4 ml) and  r e c r y s t a l l i s e d  from e t h a n o l - w a t e r  t o  y i e l d  1- d ^ - ^  
g l u c i t o l  ( 0 .0 9 5  g , 94^ ) ,  m .p . 9 5 -1 0 0 ° ,  M (Mo) 1 ,0 0 .
E x p t .  4 3 » P a r t i a l  t r a n s - e s t e r i f i c a t i o n  o f  g a l a c t i t o l  t r i s - p h e n y l b o r o n a t e .
To a  s o l u t i o n  o f  g a l a c t i t o l  t r i s - p h e n y l b o r o n a t e  (O.lOO g) in  
p y r i d i n e  (5  ml) was added  a  s o l u t i o n  o f  p r o p a n e - 1 ,3 - d i o l  (O .O I7 g) 
i n  p y r i d i n e  (5  m l ) .  The m ix tu re  was b r i e f l y  shaken  and a  p o r t i o n  
(1  m l) rem oved. To t h i s  p o r t i o n  were added  h e x a m e th y ld i s i l a z a n e  
( 0 .2  ml) and  t r i m e t h y l s i l y l c h l o r i d e  ( O . l  m l) ,  t h e  m ix tu re  was shaken  
f o r  30 s e c .  and a l lo w e d  t o  s t a n d  5 m in. A w h i te  p r e c i p i t a t e  o f  
ammonium c h l o r i d e  fo rm ed . The s u p e n a ta n t  l i q u i d  was d e c a n te d  and 
e v a p o r a te d .  The r e s i d u e  was d i s s o l v e d  i n  d r y  e t h e r  ( 0 .5  ml) and a  
s m a l l  p o r t i o n  a n a ly s e d  by g a s - l i q u i d  ch ro m a to g ra p h y .  The p ro c e d u re  
was r e p e a t e d  u s i n g  p r o p a n e - 1 , 3 - d i o l  (0 .0 3 4  ^^ ,2 mol.).
G a l a c t i t o l  t r i s - p h e n y l b o r o n a t e  was i n v o l a t i l e  u n d e r  t h e  
c h ro m a to g ra p h ic  c o n d i t i o n s  u s e d  ( S .E . - 3 0  l8 6 ° )  and o n ly  t h e  t r i m e t h y l s i l y l  
e t h e r s  o f  g a l a c t i t o l  b i s - p h e n y lb o r o n a t e  (RV 1 1 .O), g a l a c t i t o l  mono- 
p h e n y lb o r o n a te  (RV 2 . 6 5 ) and g a l a c t i t o l  (RV l .O )  c o u ld  be d e t e c t e d .  
P r o p a n e - 1 ,3 - d i o l  p h e n y lb o r o n a te  (RV O .5 0 ) a l s o  a p p e a re d  in  th e  
c h ro m a to g ra m s .
R e s u l t s  showed t h a t  u se  o f  1 m o l .o f  p r o p a n e - 1 ,3 - d i o l  p roduced  
g a l a c t i t o l  b i s - p h e n y lb o r o n a t e  ( 1720 ) and 
g a l a c t i t o l  m o n o -p h e n y lb o ro n a te (  2 0 0 ) .
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Use o f  2 m o l .o f  p ropane  d i o l  gave
g a l a c t i t o l  b i s - p h e n y lb o r o n a t e  ( 7OO), 
g a l a c t i t o l  m o n o -p h en y lb o ro n a te  ( l3 3 0 )  and 
g a l a c t i t o l  ( t r a c e ) .
Numbers i n  p a r e n t h e s e s  a r e  peak  a r e a s  and  th u s  a r e  n o t  d i r e c t l y  
p r o p o r t i o n a l  t o  q u a n t i t i e s .
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Appendix -  Mass S p e c t ra  o f  P heny lborona tes  o f  D io ls ,  T r i o l s , 
T e t r i t o l s ,  P e n t i t o l s  and H e x i t o l s .
The d a t a  l i s t e d  in  th e  fo l lo w in g  pages i s  d iv id e d  in to  th r e e  
p a r t s .  P a r t  A c o n ta in s  th e  low r e s o l u t i o n  mass s p e c t r a  o f  th e  
pheny lbo rona tes  s tu d ie d .  Numbers in  p a re n th e se s  r e f e r  to  th e  
te m p era tu re  o f  th e  " io n  s o u rc e " .  Abundances o f  ions  a re  quoted  
as  a  p e rce n tag e  o f  th e  t o t a l  ion  c u r r e n t .  P a r t  B c o n ta in s  p r e c i s e  
mass measurements and form ulae o f  io n s .  In  P a r t  C, m e ta s ta b le  
io n s  which appear in  th e  low r e s o l u t i o n  s p e c t r a  a re  t a b u la te d  
to g e th e r  w ith  m e ta s ta b le  t r a n s i t i o n s  in  which th e y  may have been 
produced. E xperim en ta l  measurements to  determ ine p a re n t  and 
d a u g h te r  ions  which produce m e ta s ta b le  ions  a re  a l s o  reproduced . 
P a r t  A -  Low r e s o l u t i o n  mass s p e c t r a  o f  p h e n y lb o ro n a te s .
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P a r t  B -  P r e c is e  mass m easurem ents o f  io n s  p roduced  from
E s t e r
M easured /my \ m ass V ' e j
P o s s ib le
fo rm u la e
C a lc u la te d  
m ass ( ^ / e )
M u l t ip le t
i n t e n s i t y
r a t i o
118 .0589 C H^BO 118 .0590
117 .0620 117 .0624
2
/
117 .0510 BO 117.0512 3
,105 .0 7 0 7
105 .0512
<^8^9
CgHg EG
105 .0704
105 .0512 %
132 .0745 CgHg BO 132 .0746
119.0665 C^Hq bo 119 .0668
118 .0591 C H BO 118 .0590
117.0784 117 .0782
117.0626 C Hyl°BO 117.0624
117.0514 C7H6 BO 117 .0512
105 .0708 b b 105 .0704
105 .0515 CgHg BO 105 .0512
104 .0624 104 .0626
104.0435 C .H . BO6 5 104 .0433
132.0747 CgHg BO 132 .0746
105 .0709 105 .0704
105 .0514 CgHg BO 105.0512
104.0626 C8%8 104.0626
104.0551 CgH4 °B0 104 .0548
104.0437 CgHj BO 104 .0433
103 .046 103 .0469
103 .0358 CgH4 BO 103.0355
1 •
/
3
/
2
V.
u
2
/
4
157
4A
9 1 .0546
^ 7^7
91 .0548
133 .0812 CgHgDBO 133.0809
132 .0846 132 .0845
132 .0733 CgH DBO 132.0731
118 .0573 G H BBO 118.0574
106 .0766 CgHgB 106 .0767
106 .0569 C.HrBBO6 5 106 .0574
105 .0688 C8H7I1 105 .0688
105 .0510 CsH^BO 105 .0512
104. 0547 104 .0548
104 .0433 CgHjBO 104.0433
103 .0468 103 .0469
103 .0353 CgH^BO 103.0355
147 .0978 CgH^^BO 147.0981
147 .0614 C8H8BO2 147 .0617
85 .0653 C^H^O 85 .0653
5 9 .0 4 9 6 C3H^0 59 .0 4 9 7
5 8 .0 4 1 9 C3H6O 58 .0 4 1 9
5 7 .0 7 0 1 C4H9 57 .0704
57 .0 3 4 1 C^H^O 57 .0 3 4 0
4 3 .0 1 8 5 C2H3O 4 3 .0 1 8 4
Y
132 .0747 CgHgBO 132.0746
131 .0673 OgHgBO 131.0668
105 .0502 CgHgBO 105.0512
104.0434 C6H3BO 104.0433
103 .0467 CgH^^BO 103.0469
103 .0350 CgH4B0 103.0355
V i
158
131 .0664 CaHgBO 131 .0668
105 .0706
C8%9 105 .0704
105 .0513 C^H^BO 105 .0512
104.0627 ^ 8 % 104.0626
104 .0548 104 .0548
104.0432 CgH^BO 104.0433
103.0470 103 .0469
103 .0359 CgH^BO 103.0355
43.0191 C^HgO 4 3 .0 1 8 4
131.0663 CgHgBO 131 .0668
105 .0710 105 .0704
105 .0520 CgHgBO 105.0512
104 .0550 CgHg^BO 104.0548
4 3 .0 1 8 8 C^HgO 4 3 .0 1 8 4
4 3 .0 5 5 0 C3H7 4 3 .0 5 4 8
147-0617 CgB^BO, 147 .0617
146.0540 C8H7BO2 1 46 .0539
132 .0939 ^ lC p l2 132 .0939
119 .0859 ^9^11 119 .0861
118.0590 C H BO 1 18 .0590
117 .0618 C H 1°B0 117 .0624
105 .0514 C^HaBO 105.0512
104.0544 CgHg^BO 104 .0548
104.0430 CgH^BO 104 .0433
56.0627 C4H8 5 6 .0626
4 1 .0 3 9 2 C3H5 4 1 .0 3 9 1
39 .0235 C3H3 39 .0235
%
%
7 .
%
159
1 0
11
12
105 .0514 C^HaBO 105.0512
104 .0628 104 .0626
104.0550 CgHg^BO 104.0548
104.0434 CgH^BO 104.0433
4 2 .0 4 6 7 4 2 .0 4 6 9
117 .0518 C^HgBO 117.0512
105 .0508 CgHgBO 105.0512
104.0545 CgHg^BO 104.0548
51.0237 O4H3 51 .0 2 3 5
43.0186 C2H3O 4 3 .0 1 8 4
047 .0618 W °2 147 .0617
147.0444 ^ 9^ 7*^ 2 147 .0446
146.0653 CgH8^°BG2 146 .0653
146.0540 C8H7BO2 146 .0539
104.0552 CgHg^BO 104.0548
104.0434 CgH^BO 104.0433
57.0342 C3H5O 5 7 .0 3 4 0
31.0184 CH 0 31 .0184
/
/
12
/ -
37/ 31
17
12
13 161 .0771 C9H10BO2 161 .0774
147.0611 C8H8BO2 147 .0617
133 .0465 C7H6BO2 133 .0461
118 .0789 C4% ll3°3
118 .0801
G9P10 118 .0782
118 .0596 C H^BO 118.0590
117 .0711
^ 9^9 117 .0704
160
117 .0519 C„H.BO7 D 117 .0512
105 .0711 ^ 8^9 105 .0704
105 .0520 105 .0512
104 .0632 (^8^8 104 .0626
1 04 .0550 C6Hg^°B0 104 .0548
104 .0441 CgH^BO 104.0433
5 8 .0 7 7 8 ^ 4^10 58 .0 7 8 3
4 5 .0 3 4 2 C2E5O 4 5 .0 3 4 0
4 5 .0 1 4 7 H2BO2 4 5 .0 1 4 8
4 5 .0 5 4 2 C3H7 4 3 .0 5 4 8
12
/ 21
65 / 10
/c
10A
14 162 .0850 C9H11BO2 162 .0852
161 .0769 C9H10BO2 161 .0774
160 .0700 CgHgBOg 160 .0696
118 .0780 ^9^10 118 .0782
105 .0704 C8%9 105 .0704
105 .0512 C^HsBO 105 .0512
5 8 .0 4 1 9 0 ,2 ^ 0 5 8 .0 4 1 9
%
15 190 .1159 C31H15BO2 190 .1165
162 .0847 C cfiiB O g 162 .0852
161 .0776 161 .0774
147.0615 CgHgBOj 147 .0617
131 .0671 CgHgBO 131.0668
118 .0779 ^9^10 118 .0782
105 .0699 105 .0704
105 .0504 CgHgBO 105.0512
104 .0541 CgHg^°BO 104.0548
104 .0428 C.HrBO6 5 104.0433
V .
%
161
16
78.0469 C6«6 78.0469
58.0419 CgHgO 58.0419
45.0340 C2H5O 45.0340
43.0184 C2H3O 43.0184
162.0847 C^Hi i B02 162.0852
161.0770 C9H10BO2 161.0774
147.0614 CgHgBOg 147.0617
118.0782 G9P 10 118.0782
105.0701
C8%9
105.0704
105.0512 105.0512
58.0419 C3%6° 58.0419
57.0342 C^H^O 57.0340
17 178.0781 178.0801
177.0717 177.0723
122.0537 CgH^BO^ 122.0539
121.0574 CgHy^BO^ 121.0575
105.0508 CgHgBO 105.0512
104.0545 CgHg^°BO 104.0548
104.0431 C.H[BO 6 5 104.0433
103.0466 C gH ^^S o 103.0469
103.0352 C.H.BO6 4 103.0355
101.0409 C^H^BO, 101.0410
100.0447 CgHg^BO 100.0448
100.0331 C.HrBO,-■5 3 100.0332
84.0574 CcEgO 84.0575
78.0466 C6%6 78.0469
78.0273 C4H3BO 78.0277
54.0467 C4H6 54.0469
Y
Vi
162
18
19
20
236 .1017 ^15^13^^2 236.1010
186 .0670
S V 2 ° 3
186, 0660
173 .0773 173 .0774
173 .0590
C 8b® 2°3 173 .0585
172 .0698 C lc P c f° 2 172 .0696
160 .0690 160 .0696
159 .0730 159 .0732
159 .0616 GgHgBOg 159 .0617
147.0614 C8HgB02 147.0617
146 .0539 CgH^BO^ 146 .0539
119 .0666 C HgBO 119.0668
118 .0598 C H BO 118 .0590
117.0520 C^HgBO 117 .0514
116 .0624 CjHg 116 .0626
105.0340 105.0341
160 .0699 C9H9B02 160 .0696
159 .0728 159 .0732
159 .0614 CgHgBOg I 59 .O6I 7
147 .0619 b V ° 2 147.0617
174 .0850 ^ lC p l l ^ ° 2 174 .0852
161.0776 *"9^10®^2 161 .0774
160 .0800 160 .0810
160 .0700 CgHgBOg 160 .0690
159.0618 CjHgBO^ I5 9 .O 6 I7
147.0614 CgHgB02 147.0617
105 .0725 105 .0725
105 .0512 CgHgBO 105.0512
%
V,
163
104.0550 CgHg^BO 104.0548
104.0437 C.H_BO 6 5 104.0433
21 293.1164 Ci6%i5S204 293.1156
177.0720
C9%10S03 177.0723
160.0691 160.0696
159.0621 C2H8BO2 159.0617
147.0614 CgB^BO^ I 47 .O6 I 7
22 .293 .1163 C16K1532O4 293.1156
177.0722 C9H10BO3 177.0723
160.0689 Ccf^BO, 160.0696
159.0621 CgHgBO, 159.0617
147.0617 CgHgBO, 147.0617
23 293.1158 ^16^15^2^4 293.1156
177.0720 C9H10BO3 177.0723
160.0693 C9H9BO, I 6O.O696
159.0618 CgHgBO, 159.0617
147.0616 CgH^BO, 147.0617
24 160.0672 C9K9SO2 160.0696
159.0611 CgHgBO, 159.0617
147.0612 CgHgBO, 147.0617
105.0510 CgHgBO 105.0512
25 160.0680 C9H9BO, 160.0696
159.0618 CgHgB02 159.0617
147.0612 CgHgBO, 147.0617
105.0515 CgHgBO 105.0512
26 147.0619 CgHgB02 147.0617
164
104.0626
104.0552
104.0439
^8^8
C.HcBO 6 5
104.0626
104.0548
104.0433
V
165
P ar t C -  M e tas tab le  ions  produced by p h en y Ib o ro n a t e s .
E s t e r
M e tas tab le /in/ \ 10ns ( ' e) M etas tab le  assignment
o b s . c a l c . Paren t ion  Daughter  ion
1 25 3 .0 252.8 282 267
238.0 237.8 267 252
129.3 129.3 208 164
57.7 57.8 103 77
57.0 57.0 104 77
2 70.2 70.2 118 91
57.6 57.6 103 77
57.0 57.0 104 77
56.1 56.0 148 91
46.5 46.4 91 65
3 3 .8 3 3 .8 77 51
3 133.3 133.4 162 147
132.4 132.4 161 146
82.0 81.9 132 104
70.2 70.2 118 91
57.7 57.6 103 77
57.0 57.0 104 77
56.3 56.3 147 91
46.5 46.4 91 65
3 3 .8 3 3 .8 77 51
4 147.3 147.3 176 161
82.0 81.9 132 104
68.9 68.9 160 105
166
4A
68.6
6 1 .8
6 1 .5
5 7 .5
5 7 .0
5 1 .5  
3 3 .8
149 .4  
148 .3
8 3 .5
8 2 .5  
8 1 .3
6 9 .0  
6 2 .0
17 5 .2
116 .5
114 .5
7 5 .6  
6 8 .2
5 7 .6  
5 7 .0  
3 8 .2
107 .5
106 .6  
8 4 .3  
8 1 .9
6 8 .5  
6 1 .8
6 1 .5
5 7 .6
5 7 .0
5 1 .4
3 3 .8
149 .3
148 .3
8 3 .5
82.6
8 1 .3
6 8 .9
6 1 .9
1 7 5 .1
116 .7
114 .3
7 5 .5
6 8 .3
5 7 .6
5 7 .0  
3 8 .2  
3 8 .2
107.6
106 ,6
84.2
8 1 .9
161
175
176
103
104 
161
77
178
177 
132 
131 
133 
163
178
204
147
189
146
204
103
104 
189
85
162
161
131
132
105
104
104 
77 
77 
91 
51
163
162
105 
104
104
106
105
189
131 
147 
105 
118
77
77
85
57
132 
131 
105 
104
167
6 6 .8
5 7 .0
5 1 .1
147 .3
146 .4
106 .5
84.2
8 3 .0  
6 1 .5
5 7 .0
5 1 .4
161 .3
160 .3
8 4 .1
6 3 .4
6 3 .1  
5 7 .0
134 .7  
131 .5
113.8 
112 .2  
10 3 .9
91.8
87.0
70.2
5 7 .6
6 6 .8
5 7 .0
5 1 .1
147 .3
146 .3  
106 .6
84.2
8 3 .2
6 1 .5
5 7 .0
5 1 .4
1 6 1 .2
1 60 .2
84.2
6 3 .4
6 3 .0
5 7 .0  
5 6 .9
1 34 .7
1 31 .4
113 .7  
11 2 .2
1 03 .7  
9 1 .7
87.0  
70.2
5 7 .6
162
104
162
176
175 
161 
131
130
176 
104 
161
190
189
131
174
175 
104
190
190
160
190
190
132 
190 
160 
118 
103
104
77
91
161
160
131
105 
104
104 
77 
91
175
174
105 
105 
105
77
104
160
145 
147
146
117
132
118 
91 
77
168
10
11
12
5 7 .0
5 6 .3
5 1 .1
3 3 .8  
3 0 .0
121 .1
7 5 .5
7 4 .6
6 1 .8
6 1 .5
5 8 .5
5 7 .0
4 7 .1
1 44 .0
121 .3
1 19 .7
1 01 .4
8 8 .5
6 0 .7
5 6 .3  
4 6 .5
157 .8
1 45 .4
1 35 .0
5 7 .0  
5 6 .9
5 6 .3
5 1 .1
3 3 .8  
3 0 .0
121 .1
7 5 .5
7 4 .6
6 1 .8
6 1 .5
5 8 .5
5 7 .0
4 7 .1
1 4 3 .8  
1 21 .4
119.8
101 .3
8 8 .5  
6 0 .8
5 6 .3
4 6 .5
4 6 .4
157 .7
145 .3
1 3 5 .0
13 5 .1
104
190
147
119
77
56
176
146 
145
175
176 
104 
104 
176
178
178
178
147 
160 
178 
147 
178
91
192
174
192
160
77
104 
91
78 
51 
41
146
105 
104 
104 
104
78
77
91
160
147
146
122
119
104
91
91
65
174
159
161
147
169
13
15
84.2
56 .3
5 1 .4
114 .1
113 .1  
1 01 .0
7 5 .0  
7 3 .6
7 3 .1
6 8 .5
5 8 .5
5 6 .5
4 1 .1  
3 3 .8
171 .5
161 .1
158 .5
136 .5
133 .4
127 .4
116 .5  
8 6 .0
6 8 .6  
5 7 .6  
5 7 .0  
5 6 .3
84.2
5 6 .3
5 6 .3
5 1 .4
114 .1
1 13 .1
1 01 .3
7 5 .0  
7 3 .6
7 3 .1
6 8 .5  
5 8 .5 .
5 6 .3
5 6 .3
4 1 .1  
3 3 .8
171.6
161 .2
158 .4
1 3 6 .4
133 .4
127 .4  
1 16 .7
8 6 .0
6 8 .5
5 7 .6  
5 7 .0
5 6 .3
131
192
147
161
192
191 
147 
147
147
148 
161 
104
192
147
148 
77
206
190
189
190 
162 
206
147
162
161
103
104 
147
105
104 
91 
91
148
147
122
105 
104
104
105 
78
104 
91 
78
51
188
175
173
161
147
162
131
118
105 
77 
77 
91
170
16
17
5 1 .5 5 1 .5 118 78
2 0 .2 2 0 .2 161 57
171 .5 171.6 206 188
133 .4 133 .4 162 147
127 .5 127 .4 206 162
126 .5 126 .4 205 161
116 .6 116 .7 147 131
106 .6 106 .6 161 131
8 6 .0 8 6 .0 162 118
6 8 .6 6 8 .5 161 105
5 1 .5 51.6 118 78
2 0 .2 2 0 .2 161 57
1 7 6 .0 17 6 .0 178 177
1 71 .5 171.6 206 188
153 .8 153 .8 206 178
134 .4 134 .5 188 159
8 4 .2 84.2 131 105
8 4 .1 177 122
813.2 83.2 176 121
5 7 .6 5 7 .5 188 104
5 7 .0 5 7 .0 104 77
5 6 .7 . ^ ^ 5 177 100
5 1 .5 5 1 .4 161 91
4 9 .3 4 9 .5 206 101
3 7 .4 3 7 .5 188 84
3 4 .3 3 4 .3 206 84
3 3 .8 3 3 .8 77 51
171
18
19
20
21
2 3 7 .0
189 .5
118.0 
100 .8
8 7 .3  
7 3 .5
5 7 .0
5 6 .4  
4 5 .9
3 3 .8
8 6 .0
7 3 .5
7 2 .5  
70.2
6 8 .8
5 6 .4  
4 9 .1
3 7 .0  
3 3 .7
226 .5  
13 1 .0
8 4 .3
83.0
6 8 .6
5 6 .3
5 1 .5
26 5 .0
134 .5
237 .1  
189 .4
117 .7  
100 .6
8 7 .1
7 3 .5
5 7 .0
5 6 .3
4 6 .1  
3 3 .8
8 6 .0
7 3 .5
7 2 .7
7 0 .3  
6 9 .0
5 6 .3
4 9 .2
3 6 .8  
3 3 .8
22 6 .3
13 1 .1
84.2  
8 3 .1
6 8 .5
5 6 .3
5 1 .4
2 6 5 .0
134 .7
294
294
204
294
294
294
104
147
172
77
294
294
236
118
160
147
172
294
77
308
264
308
308
161
147
161
324
190
264
236
186
172
160
147
77
91
89
51
159
147
131
91
105
91
92
104 
51
264
186
161
160
105 
91 
91
293
160
172
22
23
133 .0
122 .1  
113 .8
9 6 ,6
7 9 .0
7 7 .9
7 3 .7
6 6 .8
5 6 .3
4 6 .7
2 6 5 .0
122 .0
9 6 .8
7 9 .1  
78.0
7 3 .7
5 6 .3
4 6 .9
2 6 5 .0
122 .1
9 6 .8
7 8 .9  
7 7 .8  
7 3 .7  
5 6 .5  
4 7 .0
133 .1
122 .1  
113 .7
9 6 .7
7 9 .0
78.0
7 3 .8
6 6 .7
5 6 .3
4 6 .8
26 5 .0
1 22 .1
9 6 .7
7 9 .0
78.0
7 3 .8
5 6 .3
46.8
2 6 5 .0
1 22 .1
9 6 .7
7 9 .0
78.0
7 3 .8
5 6 .3
4 6 .8
190
177
190
324
324
324
293
324
147
177
324
177
324
324
324
293
147
177
324
177
324
324
324
2 %
147
177
159
147
147
177
160
159 
147 
147
91
91
293
147
177
160
159 
147
91
91
293
147
177
160 
159 
147
91
91
173
24
25
26
2 99 .5  
230.0
211 .5
19 5 .0
73 .7
72 .7  
58.2
5 7 .6
5 6 .5
230.0
2 11 .4  
195 .0
7 3 .7
72.6  
58.2
5 7 .6
5 6 .3
299 .5  
1 95 .2
5 6 .5
2 99 .5
229.8
2 11 .4
195 .1
7 3 .8
72.8  
58.2
5 7 .5
5 6 .3
229.8
2 11 .4
19 5 .1
7 3 .8
72.8  
58.2
5 7 .5
5 6 .3
299 .5
195 .1
5 6 .3
440
440
440
440
293
293'
440
440
147
440
440
440
293
293
440
440
147
440
440
147
363
318
305
293
147
146
160
159 
91
318
305
293
147
146
160 
159
91
363
293
91
174
P r e c u r s o r s  o f  m e t a s t a b l e  io n s  d e te rm in e d  by d e f o c u s s in g  e x p e r im e n ts ,  
E s t e r  ^ 2 .  I n t e n s i t y  ^ a t i o ^ ^  ( V e ) ^  I n t e n s i t y
5 85 2.224  189.0
57 1.493  85.1
9 132 1,000  1.213 160.1  8.0
1.439  189.9  430
104 1,000  1.019  106.0  4.2
1.262 131.2 0.5
1.397  145.3  2.5
1.645 171.1  0.5
1.813 188.6  1.3
77 375 1.015 78.2  4 .0
1 .345  103.6  1.0
1.630  125.5 0.3
10,000  2.863  160.3 1.2
3.394  190.1  3.0
12 105 10,000 1.251 131.4  120
1.400  147.0 2
1.531 1 60 .8  3
1.656 173.9  . 2
1.830  192.2 1
104 10,000  1.252 130.2  80
1.421 147.7  7
1.543 160 .5  3
1.674 174.1  1
1.830  192.1 2
91 10,000 1.297 . 118.0  10
175
14
16
17
77
58
58
122
105
104
100
84
10,000
10,000
10 ,000
600
5,000
4 -3 0 0
400
900
1.616
1 .769
1 .353
1 .569
1 .673
1 .474
1 .7 5 0
1 .993
2 .7 7 9
3 .5 5 3
1.480
1 .759
2 .776
1.690
1.252
1 .381
1 .525
1 .789
1.252
1 .804
1.288
1 .774
2.062
1.216
1.333
1 .510
2.236
147 .1  
161.0
104.2 
120.8 
128.8
8 5 .5
101 .5
115.6 
161.2  
206.1
85.8
10 2 .0
161.0
206.2
131 .1
145 .0
160.1 
187.8 
130.2 
187.8  
128.8  
177 .4  
206.2 
102.1 
112 .1  
127.0 
187 .8
25
150
170
6
1
1
3
1 .5  
1 
0,6
0 .5
1 .5  
5
4 
50
0.6
0.8
1 .5  
18
0.8
1
0 .5
1
1
0.6
0 .5
12
176
77
21 177
1,800
6,100
160 9,100
159 8,100
147 9 ,7 0 0
2 .450
1 .354
1 .576
1.252
1.588
1.657
1 .831
1.120
1 .189
1.272
1 .651
1 .915
2.026
1 .1 02
1 .1 20
1 .195
1 .279
1 .654
1.768
1 .927
2 .037
1 .129
1 .210
1 .294
1 .711
1 .995
2 .084
2.206
205.8
104.2
121 .2
221.6
281.1
293 .3
3 2 4 .0
1 79 .2
190.2 
203 .5  
264.2
30 6 .4
32 4 .2
1 75 .2
178.1 
190.0
203 .4  
263.0 
281.1
3 06 .4
323 .9  
166.0
1 77 .9
190.2
251 .5
293 .3
306 .3
324 .3
34
35 
0.6
2
3 .4
2 .7  
122
6 .4  
2 . 0
5 .5
1 .9
1 .9  
67 
10 
38
4 .4  
'25
6
4 .6  
2 . 0
110
7 .4  
93
1 .6  
0 .5
27
0.6
4 .7
177
22 177
160
1,500
2,500
23
159
147
177
160
159
147
2,000
5,000
1.831
1 .651
1.912
2.026
1.282
1 .654  
1 .774  
1 .924
2 .037  
1 .210  
1 .297  
1 .990
2 .083  
2.201
1 .834
1 .915
2.026
1 .654  
1 .771  
1 .921
2.038 
1 .205  
1 .993
2 .083  
2 .200
3 24 .1
264.2
3 05 .9
324 .2  
203.8 
263.0 
282.1
3 0 5 .9
3 2 3 .9
177 .9  
190 .7
2 92 .5
306.2
3 23 .5
32 4 .6
30 6 .4  
3 2 4 .2  
263.0
281.6
30 5 .4
3 2 4 .0
1 77 .1  
2 9 3 .0
306.2
323 .4
12
0 .5
2
15 
1 :5  
0 .5  
0.8 
0 .5
16 
55
0 .4
6
1
3
3
6
1 .5
1 .5  
0.8
9
100
3
2
1 .5
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P r e c u r s o r s  o f  m e t a s t a b l e  io n s  d e te rm in e d  from m easurem ents  o f  k i n e t i c  
e n e r g i e s  o f  m e t a s t a b l e  i o n s .
M e ta s ta b l e  A c c e l e r a t i n g  C u t - o f f  V/ D au g h te r  P a re n t
io n  ( n / e )  v o l t a g e  (v )  f o l t a g e  (V^) / m^ ( V e )  m  ^ (m/e)
12 56.3  7896
18 87.1  7481
7775 1.015 57.1 57.9
5760 1.370 77.1 105.5
4900 1.611 90.7 146.6
4070 l . § 3 8 160.1 294.1
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Formation of Hydrocarbon Ions from Phenylboronates of Diols under Electron
Impact
B y I. R. M c K i n l k y  a n d  H . W k i g e l *
{Royal Holloway College, University o f London, Englefield Green, Surrey)
Summ ary Rearrangement under electron im pact seems to formed by a rearrangement process from the phenylboronate
be a general property of phenylboronates of diols: of ethylene glycol (I) under electron im pact prompts us to
depending on the structure of the ester the products of report that, in our experience, this type of rearrangement
rearrangement are hydrocarbon ions containing 7, 8, 9, seems to be a more general property of cyclic esters of
and/or 10 carbon atoms. phenylboronic acid.
------------------------------  The Table shows the hydrocarbon ions jiroduced from
T h e  report by Cragg and Todd^ that the tropylium ion is phenylboronates of diols in an A .B.I. M .S.902 spectrometer
H ydrocarbon ions form ed  from  cyclic esters o f  phenylboronic acid  
A b u n d a n c e  o f  h y d r o c a r b o n  i o n s  ( V 0 Z 2 5 ) M e t a s t a b l e  p e a k s
C o m p o u n d
(El
(ED
B P h
L-0
B P h
C7 H 7 + 
m/t 91
16 5 
6  5 
1-5
C g H s  CflHg C9 H 11 C1 0 H 1 2  O b s .
m / e  106  m / e 1 0 5  m /e  119 m / e  132 ( m / e )
— — — — 5 6  1
7 0  2
19
5 8
2 2
2 6
5 6 - 3
7 0 * 2
6 1 5
51-5
A s s i g n m e n t
(I -► C 7 H 7
P h B 0 C H 2
r \ p h
L-o' 
P h B O C H *  
+
-* C 7 H 7
-> C 7 H 7
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® Calculated using
C h e m i c a l  C o m m u n i c a t i o n s , 1970 1023
operating at 70 cv. In each case, assignm ent of structure ions produced on removal of alkyl groups attached to the
was made from precise mass determinations. From the boronate ring system , and (iii) the ion PhBOCH%+. Details
m etastable peaks present in the mass spectra it is deduced of the mass spectra of the listed phenylboronates and those
that the hydrocarbon ions m ay arise from rearrangements of of polyhydric alcohols will be published elsewhere.
(i) the molecular ions, (ii) the resonance stabilised oxonium  
' K. H . Cragg and J. F . J. Todd, Chem. Comm., 1970, 386.
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